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\OrFiciaL NOTICE. ] 


Third Annual Meeting, Texas Gas and Electric Light 
Association. 
anc illgicci 
OFFICE OF THE SECRETAR t 
GONZALES, TEX., March 11, 1897. 

The third annual meeting of the Texas Gas and Electric Light Asso- 
ciation will be held in the Menger Hotel, San Antonio, Tex., on Mon- 
day, Tuesday and Wednesday, the 19th, 20th and 2ist days of April, 
1897. The following papers will be read : 

‘* The Commercial Efficiency of the Incandescent Electric Light,” by 
Mr. H. L. Monroe, Dallas, Tex. 

‘‘A Means of Largely Increasing the Summer Sendout of a Gas 
Works,” by Mr. J. C. Lord, Fort Worth, Tex. 

‘The Storage Battery as an Adjunct to Small Electric Light Plants,” 
by Mr. W. L. Hall, Mexia, Tex. 

‘*A Few of the Many Details of Management,” by Mr. A. E. Judge, 
Tyler, Tex. 

‘* Little Things,” by Mr. W. E. Holmes, Austin, Tex. 

‘Operating Expenses of Electric Light Plants,” by Mr. J. D. Oliger, 
Cleburne, Tex. 

‘* Electrolytic Deterioration of Water and Gas Mains,” by Mr. W. A. 
Fraser, Dallas, Tex. 

A few other short papers may be read. The Question Box will be a 
special feature of the meeting, and it is hoped the Wrinkle Department 
will also prove interesting. 

It is expected, and an effort is being made, to have an exhibit of gas 
and electrical appliances, which it is believed will be both interesting 
and instructive. 

The last day of the meeting is ‘‘ San Jacinto Day,” a great holiday in 
Texas, and in San Antonio especially, when the ‘‘ Battle of the Flow- 
ers” takes place. 

Effort is being made to obtain cheap railroad rates, and everything 
will be done to make the expense of attending as light as possible. 

The Secretary will take pleasure in sending blank applications for 
membership and information regarding the Association to those inter- 
ested. F. R, Starr, Jr., Secretary. 








BRIEFLY TOLD. 
SS 

Tae CozeE PaTENTs SUSTAINED.—An action for infringement of 
patent rights that attracted great attention in European gas circles was 
decided something over a fortnight ago, the opinion having been ren- 
dered by Mr. Justice Romer, sitting in the Chancery Division of the 
High Court of Justice, England. The case was entitled the ‘‘ Auto- 
matie Coal Gas Retort Company, Limited, versus The Corporation of 
Salford,” and its subject was the contention by plaintiff that defendant, 
at its municipally operated gas plant in Salford, had used without 
license or permission inclined retoris for generating coal gas, the prin- 
ciple of which construction was vested in plaintiff. An injunction was 
asked for, also damages, ete. Quite an array of able counsel appeared 
in the case, and the testimony given by experts, for.and against the: 





fmatter in hand, was exceedingly interesting. Defendants admitted 
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practically that the principle of the Coze system was at the base of their 
construction and use of the inclined retorts at Salford, but pleaded in 
defense that improvements of their own devising had so altered the 
Coze plan mechanically as to virtually cause the Salford practice to 
take on the merit of originality. Plaintiffs contended that the wording 
of their patents was such as to give them protection for retorts set in 
sloping position, such retorts to be used for the production of gas, aud 
that the changes made in the Coze plan, as the slopers were installed at 
Salford, were only matters of alteration in mechanical detail, and in no 
sense of principle. Having carefully weighed the testimony, Justice 


Romer delivered a highly interesting decision, in which he upheld the: 


plaintiffs’ case, at-one point in it remarking : ‘‘ Speaking for myself, I 
think if you once look at the defendants’ apparatus and see how it 
works, the thing is at end. They have made, I admit, improvements 
in the details of carrying out the patentee’s invention—I think it might 
be said very useful modifications and improvements—but when the 
apparatus of the defendants is looked .at it appears impossible to say 
that they have not adopted the plaintiffs’ system. In my opinion they 
have. The defendants’ apparatus is nothing more than the plaiutiffs’ 
system with modifications.” In due time we shall publish, through 
our English correspondent, Mr. Humphrys, a résumé of the case and 
the decision. It is likely that the case will be appealed to the Appeal 
Court. 


DegaTH OF Mr. 8. E. Birp.—Mr. Sharpless E. Bird, President of the 
Mansfield (O.) Gas Light Company, died at his home in that citv on 
the evening of March 29th. His death was the sequel to an illness (a 
lung affection was the ailment from which he suffered) that extended 
over a period of 15 years, but during all that time his perseverance and 
pluck were of a quality that enabled him to successfully battle with 
business cares almost to the end. He was born in Catawissa, Pa., 
December 20, 1844, and removed with his parents, in 1867, to Mansfield, 
where he engaged with his father in the hardware business. In this 
line of trade he continued, under different partnerships, up to a year 
ago. Meanwhile he had engaged in the hotel business, and at the time 
of. his death he was proprietor of the Hotel Vonhof. His interest in 
the Mansfield Gas Light Company was maintained for many years, and 
he. was an active member of the Ohio Gas Light Association. He was 
united in marriage, July 4, 1869, to Miss Lizzie Vonhof, who, with two 
daughters, survives him. He was prominent in Masonic circles, and 
was also well known in the social life of Mansfield. The funeral ser- 
vices were held in the First Presbyterian Church, Mansfield, on the 
afternoon of April ist, the Reverend Dr. Meese officiating. The services 
at the grave were directed according to the ritual of the Knights 
Templar. Deceased was very much esteemed by his associates, and 
no other man held a higher place in the respect of the community where 
the greater part of his useful life was spent. 








** Once JERRY” Howarp Has a Birtupay.—Not that that has 
been an unusual occurrence in the life’s history of the genial, sunshiny 
man, for this particular ‘‘ birthday ” was the 67th anniversary thereof. 
March 16th was the day, and early that evening it was when the whole- 
souled Président and Manager of the Galena Gas Company was con- 
fronted in his home by 19 prominent residents of Galena, headed by 
Judge W. T. Hodson, who, acting as spokesman for the party, told 
“Uncle Jerry ” just what they thought of him. The Judge finished 
his speech by pointing to and formally presenting Mr. Howard with a 
handsome extension chair. Mr. Howard naturally was ‘‘ stumped” 
for a moment by the circumstances, but only fora moment. Recover- 
ing his mental poise he easily matched the witty and loyal words spok- 
en by the Judge, although there was a suspicious faltering of his voice 
when he told his hearers how much he appreciated their estimate of him- 
self. A right pleasant home entertainment followed the presentation. 





Notes.—The Kansas City-Missouri Gas Company is an accomplished 
fact. The President of the Company is Colonel M. J. Payne, formerly 
President of the Kansas City Gas Company ; the capital stock has been 
put at $5,000,000, and the gas rate has been put at the figure of $1 per 
1,000, the. rate to go into effect May ist. It is likely that the manufac- 
turing plant of the Missouri Gas Company willbe shut down, although 
the holder will be utilized. The executive offices of the Missouri Com- 
pany will also be elosed.——Work has been commenced on the new 
1,000,000-foot holder for the Grand Rapids (Mich.) Gas Company.—— 
Mica chimneys can be readily and safely cleansed by immersing them in 
a bath of ice water.—-The Milwaukee Gas Light Company has ar- 
ranged for an award of monéy pfizes in gold for the best reasons (10 
in number) proving that gas should be used in the kitchen tothe exclu- 
sion of solid fuels, 
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The Flow of Gas or Steam Through Pipes. 
ssciialagialiskcas 
A Comprehensive Table of the Flow of Gas or Steam through Pines, 
with an Examination of Some of the Formule now in Use. 


[By Mr. ArtHuR J. MarTIN, in Engineering. | 


The flow of gases through pipes has not been investigated so ful!) as 
in the case of water, and the tables which we have for gases are ne’ her 
very reliable nor convenient in use. 

In preparing a table for gases, we are met at the outset by a difficulty 
which does not exist with water, viz., the variation which takes )\.ce 
in the density of a gas with every change in its pressure or tem) ra- 
ture. 

In considering the flow of a gas through a pipe, we have five vari: ble 
quantities to take into account, viz., the volume passing, the density or 
weight per cubic foot, the diameter of the pipe, its length, and the 
‘*head ” or loss of pressure which takes place in the pipe. If, insiead 
of taking the length and loss of pressure separately, we use the ratio 
which the latter bears to the former, these five variables will be reduced 
to four. 

In an ordinary table or diagram three variables only can be expressed, 
Hence we have tables for a given density, for a given diameter, or for 
a given loss of pressure.in a given length, which are practically useless 
if the density, diameter, or loss of pressure is different from that on 
which the table is based. It is obvious that separate tables for all the 
changing conditions with which we have to deal would be too many to 
be conveniently used. 

In the three tables here given, a device has been adopted, whereby 
they are made to cover all the conditions which occur in ordinary 
practice. 

The first step in the preparation of these tables was the selection of a 
formula. 


COMPARIGON OF VELOCITIES GY DIFFERENT FORBULA. 


roe 


Velocity in Feet per Second 


Damo 4 


The experimental data on which a formula can be based are scanty ; 
and the results which have been arrived at by different observers some- 
what conflicting. 

A general formula for the flow of fluid (whether liquid or gaseous) 
through a pipe, has been given by Professor Unwin, as follows : 

ie cance ae 

= 2g Dp” 
where H = head in feet of fluid ; v = velocity in feet per second ; g = 
acceleration due to gravity, taken as 32.2; L = length of pipe, and D = 
its diameter, both in feet. sis a coefficient for friction, which Prof. 
Unwin stated in 1880 as 
3 
.0027 (1 + sob)? 

and, subsequently, as the result of Professor Riedler’s experiments in 
the compressed air mains of Paris, as .003 for diameters not less than 1 
foot. 

Mr. Hawksley’s general formula for water and gases is 


v=asy/ 2D, 


the symbo!'s being the same as above. Mr. J. 
= 4/ DP 
Q =M y/ 2. 


T. Hurst gives for coal gas 
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Q being quantity in cubic feet per hour, M a constant, given as 1,000, | | /and a weight of 2,943 lb. per mute), are passed through 3,280 ft. of 12- 
or 1,350 under very favorable circumstances, L length of pipe in yards, | ‘in. pipe. 


f d 
D diameter in inches, p water pressure in inches, and G specific gravity | | me tn oo ace 


per Square Inch. 





of gas, that of air being unity. The same formula is given by Mr. | Case L an 
Molesworth, who adopts 1,000 as the value of M. The Chapman Valve | Prof. Unwin’s original formula ........ .0148 6.10 
Manufacturing Company, in the engineering appendix to their cata- | Mey Tie ioc, occ itveevatawaes .0202 12.15 
logue, give the same formula, but with M = 4, 850. Mr. Hurst (i = =1 ,350) aphekasacvesduste .0187 11.27 
Mr. Beardmore gives a table of constants for different diameters, | Mr. Beardmore...... -----.---2--++0: -0187 11.27 
; ey . ee Messrs. Babcock and Wilcox........... .0150 6.19 
which, being divided by the square root of the product of the specific | Messrs. Geipel and Kilgour ............ "0237 14.25 
gravity of the gas, as compared with air, multiplied by the rate of in- Mr. Cornut (D. Bs RMN oes bees . .(2).114 (2) 1.482 
clination (length divided by head) give the discharge in cubic feet per | Formula herein proposed ...........+-- .0162 6.68 
minute. I have worked out from this table the formula While Mr. Hawksley’s, Mr. Hurst’s and Mr. Beardmore’s formulz 
uw? L give approximately the same results, the loss of pressure in each case 
p =F 192D a’ | being much greater than is called for by Professor Unwin’s, yet the 


latter is supported by the average result of experiments made on a very 
the symbols being those given below, which will be used throughout | jarge scale in the compressed air mains of Paris, which entitie it to 


the ease! of this paper : | careful attention. 
= length of pipe in feet ; | This formula differs from all the others in giving velocities propor- 
= diameter of pipe in inches ; | tional to the square root of 
D = density of fluid in pounds per cubic foot ; 3.6 
= loss of pressure in pounds per square inch ; the diameter + (1 ay d 


w = delivery of fluid in pounds per minute. (expressed in inches instead of feet as in the original), while most of the 
Messrs. Babcock & Wilcox, in their publication, Steam, give a for-| other formulz given above agree in making the velocity directly pro- 





mula | portional to the square root of the diameter. 
1 
7 " P Ns 
Fig -2. 4 - Fig .3. s 
LOGS OF PRESGURE : HIGH DENSITIES. % oe 4 LOSS OF PRESSURE: LOW DENSITIES. * Nd %, 
: Ss 
N “e, 
\o & 
. tN os 
Gog > “ax 
ee Ae "age 
x ~ > a, 
°° 
3 > 
* 
: : 
8 z 
& ‘ 
2 
: : 
é s 
x s 
3 
3 
dinapalinlorcaaes . si ys 
/ Dpda In hydraulic formulz, however, it is only the older formule which 
= 87 3.6 give the velocity proportional to the square root of the diameter, the 
L (1  f hod newer formulz giving an increasing ratio. There is no conceivable 


which is practically identical with Prof. Unwin’s original formula, | '°*S°" why the general rule which bas been eae tenen: in tee _ “7 
though in another form. the one fluid, from which most of the existing data have been obtained, 


In an article in the Electrician of May 5, 1893, Messrs. Geipel and | Should not hold good with all; although it is possible that the constants 
Kilgour give two diagrams for the flow of steam, which by calculation obtained with water may not be exactly the same as for gases. _ 

yield the formula For the sake of showing how the velocity increases with the diameter, 

ow I, according to different formule, the following table of proportional 

=> 505Da" | velocities has been prepared, the chief results being shown also in dia- 

gram Fig. 1. The density of the gas is assumed as 1, and the head as 1 

Mr. D. K. Clark quotes a table given by Mr. Cornut for compressed | 'in 1, or .694 1b. per 100 feet. The velocity for a 1-in. pipe in each case 


air, which is unfortunately rendered useless by the omission to state | being taken as unity, the proportional een for other diameters 





Pp 





the absolute pressure or the density for which it is calculated. will be as follows: 

The formule of different authors are given in so many different és ee 
forms that it is difficult to compare them as they stand. In order to do| Messrs. Hawksley’ s, Hurst’s, Molesworth’s, Beard- : 
so more readily, I have applied them to two cases under widely differ-| more’s, Geipel and Kilgour’ s, and all other for- 
ing conditions, and give here the loss of pressure obtained by each for-| mul ia which v varies as y d...... Sulcov awed 2.45 3.46 4:90 
mula, In case I. 17.16 cubic feet per minute (= 1.088 1b.) of gas hav-| Mr. G. A. Ellis.........--. +++ seen ese ee reese ees 2.53 3.61 5.17 
ing a density of .0634 1b. per cubic foot (giving a specific gravity of Mr. Neville. ............-0eeeeeeeeeeeee eeeecees — ao aa 
.833), are passing at ordinary atmospheric pressure through 3,280 ft. of edt ge pena gg as SARE RCT ae oT, PORTE 3S See paterenee™ 

Prof Unwin, Messrs. gem & Wilcox, and for 
4in. pipe. In case II. 927.4 cubic feet per minute of the same gas ata| mula herein proposed ............c0e.ece00s 4.15 6.52 ~ 9:81 
pressure of 50 almospheres (giving a density of 3.1734 1b. per cubic foot, | Messrs. Ganguilete and and Kutter.........0+.- ~ ee 4,45.. -7.54 - 12.40 
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It will be seen by Diagram No. I. that 

Professor Unwin's results correspond fairly TABLE L.—¥Low oF UAsBS IN PIPES. pees 
well with those given by the hydraulic for- Proportional Discharges for ee coke Sn te af Reegeare ins 
mulz, as well, indeed, as the latter agree 
among themselves, giving, on the whole, Reference Diameter of Pipe in Inchee. 
somewhat higher velocities than they do. igh Low. 4 in. 20in, 18in,-i6in. 14in. 121m. 10in, 9in. Sin. Tin, Gin, Sin. dim. Sin, 
It, therefore, seems advisable to adopt his 
rule for the proportional discharging power 
of different diameters rather than the ratio 
of the square roots. 

It remains to be decided what constant 
shall be adopted. Professor Unwin’s for- 
mula gives velocities higher, not only than 
those given by any of the other formule 
under consideration, either for gas or for 
water, but higher also than many of those 
obtained from Professor Riedler’s Paris ex- 
periments. 

Professor Unwin’s later value of ¢ (the 
coefficient of friction) is .003 for pipes not 
under 12 in. in diameter. The average value 
obtained from the experiments is .0029, the 
individual results ranging from .00181 up to 
-00449, the highest figure being more than 
50 per cent. above the average. 

For practical purposes it seems less im- 
portant that the constant adopted shall 
represent the exact average of a given set of 
experiments than that the results given by it 
shall be attainable with some degree of cer: 
tainty in ordinarily good practice. The fact 
that the other formulz quoted give greater 
losses of pressure for the same velocity, or 
lower velocities for the same loss of pressure, 
than Prof. Unwin’s, would indicate that the 
results obtained in ordinary experience are 








f 9340 4972 38326 2062 1562 1142/ 802 630 | 324 1764 | 70.8 
ie'000 teat 9063 8160 1950 1484 1085 | 762 604 | 308 168 | 76.8 


18,000 ; ages | s586 2908 1856 1408 1023 | 722 | 477 202 150 | 718 


ys 10,642 | 8109 2827 17583 1328| 971 682 150. | 67.8 
16°00 10016 7632 8078 2661 1650 1250 |; 914 642 259 141 | 638 


15,000 9,390 7165 2105 1647 1172/| 857 602 | 308 23 182 | 608 


2328 143 1 790 661 | 871 227 123 65.9 
13009 10,396 B88 eat 1340 742 521 | 345 


12,000 7,612 | 1ea7 685 el 318 106 
11,000 | 8, 6,88¢ 1134 628 441 «202 97.0 
10,000 * 6,260 | 4770 1081 Bri | 401 266 88.2 
9,600 7 (6,987 “919 bed | 381 262 83.8 
9,000 5,634 928 514 361 239 79.4 
8,500 5,321 876 664 | 485 841 226 
| 5,008 825 457 321212 70.6 
4,005 773 686 | 428 301 199 66.2 
4,882 8380 722 400 281 186 
3100 670 871 61 «172 
2862 69 | 400 «43 41180 | 
2623 567 314 221146 | 
8,130 2385 286 200 182 | 81.0 441 
2147 464 257 180 119 | 39.7 
2,504 1908 a2 228 100 108 | 64.8 85.3 
1670 361 200 140 | 928 66.7 20.9 
1,878 1431 300 171 120 | 70.6 48.6 265 
1,909 1,565 1198 anes | e709 195 143 100 | 06.8 405 $21 
ood 964 708 206 «(156 us | 80.2 63.0 324 17.6 | 


— 
less favorable than those assigned by his a = 716 628 155 u17 | 85.7 60.2 89.8 24.3 182 | 
formula. 


wet 66 | srr 888 108 | 7a S71 40.1 26.6 162] 808 
Translating this formula into the form 500 400S*S«SSSCi«‘SDCdT 61.6 39.0 286 20.0 18. 81 441 
most convenient for ordinary use, we 
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second minute passing at density = 1 
esti 6.306 6.814 vieey SS". ee ee 87.18 47.76 62.87 84. “122.2 191.0 880.6 764 3056 
wh (1 + 36 








ae 7,665 D a® TABLE II.—Fiow or Gaszs 1n Prrers—Hicu Denstixs. 





corresponding to the original value of Loes of Pressure in Pounds per 100 Feet to Force Quantity Stated, at Density Stated, through 24-I0. Pive. 


Density of Gas in Pounds per Cubic Foot. 
025 «6.06 10 16 20 -% 30 40 60 -60 -70 80 00 
Corresponding Absolute Steam Pressure, Pounds per Square Inch. 
94 19.7 41.2 64 87 110 184 181 230 281 $27 375 422 
Corresponding Absolute Air Pressure, at 60 Deg. Fahr., Pounds per Square Inch. 
48 06 192 28.8 38.4 48.0 67.6 76.8 96.0 116 . 184 154 173 
Loes of Pressure, Pounds per Square Inch. 


s = .0027 (1+ + 


For the reasons above stated, it was 
thought advisable in preparing the accom- 
panying tables and diagrams to assign a 
somewhat lower value to the constant in 
the divisor, which has therefore been placed 
at 7,000 instead of 7,665. This gives a value 
to s corresponding with the avérage of the 
four highest values obtained from Professor 
Riedler’s thirteen experiments; and gives 
results which should be attainable in good 
practice. 

For convenience in arriving at any factor 
connected with discharge, the remaining 
factors being known, the following formule 
are given, all being derived from 


wil{i + 5°) 
7,000 D a* 


The formula for diameter is approximate 
only, the full formula being too complex for 
ordinary use. It is correct for a diameter of 
9 inches, the results being slightly too high 
with larger diameters and too low with 
smaller diameters. The formula is, how- 
ever, useful for obtaining trial diameters 
for use in further calculations, 








5.50 | 4.196 8.801 2751 2063 1.661 1875 1.179 1.082 917 
4.97 3.724 2979 2483 1.862 1490 1241 1.064 | .931 .828 
446 (3.343 2.998 1. 1.887 1.114 | 968° 86S 
3.98 2385 1.963 «1601 «(1.193 | 00.852 745068 
8.52 1.320 1.056 | .880 764 .660 .687 
8.00 . : R . a ee ee 
2.70 oC 78.606 | 400 
2.82 496.887 

1.98 B71 880 


498 
4a 

1.66 ae / , ‘ F 367 
: 295 

239 








1.87 





$12 
. 268 
209 


80 oo | oC ; j 189 6165147 
ae ; . ‘ 2 144126 

40 (tw i , ‘ é J 106 | 0929 0825 
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ae : ‘ 0472 

am}. ; J j ; 0265 0282 .0206 
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TABLE III.—Fiow or Gases 1n Prers—Low Densities. 


Tables II. and III. give the loss of pres- 










































































Loss of Pressure in Pounds per 100 Ft. to Force Quantity Stated, at Density Stated, through 24-In. Pipe. sure per 100 feet for the discharges given in 
ee | $ Density of Gas in Pounds per Cubis Foot. the corresponding line of Table I.; Table II. 
F ga" “| ORS .005 010 015 = .020 025 S080 «00050 80S 070 080.090 109 —Creing for high densities and Table III. for 
3 ss es oo ee — low densities. The steam pressure corre- 
& ‘ . ; 4 «LA SGT 8B 8k 86.9 ALD F ctw i 
a: ¥ Corresponding Vacuum in Inches. Steam P oa Renan sponding to each density is stated at the 
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p = loss of pressure in pounds per square inch. 
w = delivery of fluid in pounds per minute. 
Q = delivery of fluid in cubic feet per minute. 
v = velocity in feet per second. 
d = diameter of pipe in inches. 
= length of pipe in feet. 
D = density of fluid in pounds per cubic foot. 
= loss of pressure in feet of fluid. 
H = loss of pressure in inches of water = 27.7 p. 
= loss of pressure in inches of mercury = 2.04 p. 
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Three tables are given herewith, showing the loss of pressure re- 
quired to force through pipes of different diameters different quantities 


of gas of different densities. 






horizontal line. 








D 


Table I. gives proportional discharges for different diameters, the 
density and loss of pressure being the same for all cases on the same 


being proportional to the square root of 
the discharge, it follows that the loss of pressure for one-tenth of 
| any discharge given in the table may be obtained by moving the 
decimal point two places to the left in the loss of pressure given for 
that discharge. Thus Table III. gives for 9,500 lb. per minute, at 
'density = .0025 in a 24-in. pipe, a loss of pressure of 74.5 lb. per 
| 100 ft. For 950 lb. per minute the loss of pressure per 100 ft. will be 
|.745 Ib. 
| Weight of gas, rather than volume or velocity, has been adopted as 
the measure of a pipe’s capacity, for the reason that the weight remains 
| constant under all conditions, whereas both volume and velocity change 
| with every change in the temperature or pressure of a gas ; and because 
| gases are more often dealt with by weight than by volume. The vol- 
| ume, however, can be readily ascertained by dividing the weight by the ~ 
density. The velocity corresponding to any discharge can be obtained 
| from Table I., which gives the velocity in feet per second in pipes of the 
| diameters stated, when 1,000 lb. per minute at density = 1 are passing 
through them. For any other discharge or density, multiply the 
velocity given in the table by that discharge, and divide the product by 
1,000 times the density. 

To facilitate reference, the tables are divided by stepped lines into 
belts of approximately equal quantities and losses of pressure re- 
spectively. 

The information contained in Tables II. and IIT. is given in a graphic 
form in the diagrams bearing the same numbers. These diagrams (pp. 
558, 559) are provided with scales showing the pressure of saturated 
steam or air corresponding to the density shown immediately above 
them. 

In dealing with a gas of a density intermediate between the vertical 
lines of the diagram, an intermediate vertical can be drawn correspond- 
ing to that density, which will give by its intersection with any dis- 
charge line the loss of pressure required to deliver the quantities stated 
on the corresponding line of Table I. Such lines have been dotted on 
Diagram III. for gas from Newcastle coal and cannel coal respec- 
tively, and for air at 60° F. and 1 atmosphere. 

In dealing with cases beyond the scope of the tables, or for ascertain- 
ing more closely the loss of pressure with a discharge intermediate be- 
tween those given in the tables, the formulz must be used. 

Where the loss of pressure in a pipe is but a small proportion of the 
original pressure, no great inaccuracy will result from using the den- 
sity due to the original pressure, or preferably that due to the mean 
of the original and terminal pressures, if both are known. But in long 
maius, where the loss of pressure is very great, a considerable error 
may result from following this course. 

In such cases it is better to ascertain the initial velocity by means of 
the following formula, adapted from the very valuable formula pro- 
posed by Prof. Unwin. Let u = the initial velocity in feet per second, 
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P, the initial pressure, P, the terminal pressure, both in pounds per 
square inch absolute, D_ the density of the gas at atmospheric pressure, 
d diameter of pipe in inches, and L length in feet ; then 


480,000 dad 6 ay + see ee, 
see | 


(1+ SS) LDaP 

d 
The weight of gas delivered can then be ascertained by substituting the 
value of w thus arrived at for v in the equation 


voDd 
3.056 





The loss of pressure given by the foregoing tables and formulz is 
that for a straight pipe, and does not cover the head due to velocity, nor 
the loss of pressure occurring at valves, bends and elbows. Where the 
pipe is long and the obstructions few, these may be neglected, but other- 
wise account should be taken of them, the most convenient method 
being to add to the actual length of pipe an additional length in which 
the loss of pressure is equal to that caused by the obstructions. 

The following table, worked out from formule given by Mr. Hurst, 
gives the length of pipe equivalent to a square elbow, and to a bend of 
90°, whose radius is equal to the diameter of the pipe. The head due 
to velocity is approximately equal (actually 2 per cent. more) to the 
head due to a square elbow. The loss of pressure at a screw-down 
valve is about 1} times that due to a square elbow. Messrs. Babcock 
and Wilcox and Mr. Trautwine give tables for these losses, closely 
agreeing with Mr. Hurst’s formule. 


Length in Feet of Straight Pipe Equivalent to a Square Elbow and 
to a Bend of Radius = Diameter. 

2 in. 

4.9 

74 


12 in. 
63.7 
9.6 


4in. 5in. 6in. 7in. Sin. Qin. 
14.5 20.0 25.9 82.0 38.0 44.4 
2.2 3.0 39 48 5.7 6.7 


16in. 18in. Win. 22in. 24in. 
90.1 104 117 130 144 
13.5 15.5 17.5 19.6 21.6 


3 in, 
9.4 
1.41 


14 1n. 
76.7 
11.5 


1 in. 
1.5 
.23 


Diameter... 10 in. 
Elbow...... 50.7 


Diameter. .. 
Elbow....... 








Observations on Carbureted Water Gas. 
————[$— 


[A paper prepared at the invitation of the Civil and Mechanical Engi 
neers’ Society, of London, Eng., by Mr. J. T. Westcott, of Toronto, 
Canada. ] 


No one can be indifferent to the development of the gas industry, 
which, within the past few years, has increased to so great an extent 
that at the present time, in the amount of capital invested, with the ex- 
ception of railways, it is second to no other industry. Since Murdoch, 
the recognized ‘‘ Father of Gas Lighting,” first lighted his house in 
1793, gas has been manufactured from coal, rosin, wood, oil, coke, 
steam, calcium carbide, and water, and has also been discovered and 
used very extensively in the natural state. When found in the latter 
form, it has proved very valuable for fuel purposes ; the burning of 1 
cubic foot giving about 225 British thermal units more than can be ob- 
tained from the same quantity of 18-candle power coal gas. Usually 
the terms coal gas, carbureted water gas, water gas, or producer gas, 
are simply intended to convey a commercial idea, without any technical 
meaning ; 20d owing to this fact, much misunderstanding has arisen, 
causing discussions which have misled and prejudiced the public. The 
term ‘‘carbureted water gas” conveys to the people of Great Britain 
the same meaning that the term ‘‘ water gas” does to the American 
mind. 

Different Kinds of Commercial Gas.—Coal gas is manufactured by 
placing bituminous coal in airtight retorts, and subjecting these to a 
high degree of temperature, thereby expanding the gas contained in the 
coal, and forcing it out. After leaving the retort it is condensed, 
scrubbed, purified, etc., before being used by the consumer. 

Producer gas is made by passing air, or air and steam together, 
through incandescent fuel contained in a furnace producer or generat- 
or ; the highly heated carbon of the fuel uniting with the oxygen of 
the air and steam, and forming producer gas, which is composed of car- 
bonic oxide, hydrogen, nitrogen and certain impurities, chief of which 
is carbonic acid. This gas, as we find it manufactured by the Dowson 
producer, is used principally in factories for fuel purposes. Compared 
by measure with other gases, it gives, when burning, a low illuminat- 
ing and heating power ; but, when compared by weight, it burns with 
a’ high temperature and low illuminating power. 





Water gas is formed in nearly the same manner as producer gas with 
the exception that steam alone is passed through the incandescent fue] 
ded. The resultant gas is composed of carbonic oxide ané hydrogen, 
2CO + 2H,, and some impurities. 

Carbureted water gas is as different from water gas as day is from 
night. After making the straight water gas just described, it is pasgeq 
over a large surface of highly heated refractory material, in conjune. 
tion with oils containing hydrocarbons, which are first vaporize and 
then gasified, and form a chemical composition with the water gas. The 
new gas thus formed is called carbureted water gas. It is the apparatus 
for manufacturing this particular form of gas which will occupy our 
attention tais evening. 

History of Carbureted Water Gas.—It is most interesting to note 
the development and evolution of carbureted water gas from its earli- 
est inception. About 1784, Cavendish made the discovery that hydro. 
gen—which had been known before as “‘ inflammable air ’’—was one of 
the component parts of water, and at the time it was looked upon as 
very astonishing. Some while before this, Fontana pointed out that 
gas could be manufactured by the decomposition of water, in passing it 
over ignited iron and coal. The theories set forth by these scicntists 
seem not to have been put into actual practice until about 1824, when 
J. H. Ibbetson took out a patent for a special method of making an 
illuminating gas by passing steam through a mass of incandescent car- 
bon. 

From this time down to 1860, quite a number of different patents were 
taken out, reaching a total of 60 or more. During this period, bow- 
ever, no apparatus was designed that gave commercial success. It is 
interesting to note that some of these early patents contained features 
which are found in our modern successful settings. It is not my inten- 
tion to deal with the many patents which have been taken out to the pres- 
ent day, as their number is almost legion, or to consider in detail some 
30 different types of plant which have been built and put into success- 
ful operation. These can be divided into two general classes. Class L., 
retort processes, or those in which the steam is admitted into retorts 
containing carbon, the temperature of which is maintained by combus- 
tion external to the retorts—such as the Sanders apparatus, the Allen- 
Harris and others. Class II., generator processes, or those in which the 
steam is admitted into retorts and furnaces, or generators, containing 
carbon which has been previously heated by partial combustion of its 
own mass or by internal combustion. 4 

The latter class can be divided into two sections: (1) The generator 
processes, in which a non-luminous water gas is first made, which is af- 
terwards carbureted, usually in a second apparatus, by a second fire 
and in a second operation—such as the Tessié du Motay, the Wilkinson, 
the Jerzmanowski and other apparatus. (2) The generator processes, 
in which an illuminating water gas is made, carbureted and fixed en- 
tirely in one operation, one apparatus and with one fire, usually 
through the medium of a superheater—such as the Lowe, the Granger 
and the Hanlon-Leadley apparatus, and the two types found in Europe 
—the double superheater and the Merrifield-Westcott-Pearson appar- 
atus. 

Professor T. S. C. Lowe is unquestionably the man who has received 
the credit of inventing the process which is the basis of the present suc- 
cessful commercial water gas plant. The first Lowe apparatus was 
erected in Phoenixville, Pa., in 1873. After this, for several years, the 
Lowe apparatus was built by different firms, who obtained licenses from 
Professor Lowe, down to about 1885, when the Granger Water Gas 
Company were consolidated with the United Gas Improvement Com- 
pany. Notwithstanding these various processes, patents, etc., at the 
present day we find in England only two distinct types—namely, the 
so called double superheater process, an example of which is The Gas 
Light and Coke Company’s installation of 10,000,000 cubic feet daily 
capacity, the first sets of which were erected by the United Gas Im- 
provement Company, of Philadelphia. Another example of this class 
may be seen at Belfast, and still another at Hornsey, each of which was 
erected by a different firm. 

The first double superheater setting for the manufacture of carburet- 
ed water gas was erected at Coney Island, U.S, A., in the spring of 
1882, and was designed by A. O. Granger & Co. The generator was 6 
feet in diameter by 12 feet 3 inches high; the carbureter, 6 feet in diam- 
eter by 13 feet high ; and the superheater, 6 feet diameter by 22 feet 
high. It was originally designed to be worked with superheated steam. 
The generators were to be connected at the bottom, and the oil was ad- 
mitted at the top of the carbureter by an injector, the necessary force 
being obtained by a pump under pressure. The consumption of gas be- 
ing too small, the plant was never operated as designed, one set only 
being used in the ordinary manner. The constructing engineer for the 
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contractors was our chief engineer, Mr. L. L. Merrifield. The patent 
for the first double superheater apparatus was taken out in the United 
States by A. O. Granger and J. H. Collins, Jr., and was known as a 
‘process of, and apparatus for, manufacturing gas,” patent No. 
287,277, granted October 23; 1883; application filed March 10, same 
rear. 

‘ This type of plant consists of three steel shells. The first is known 
as the generator, and is connected from the top to the upper part of the 
second shell, which is called the carbureter ; and this is connected at 
the bottom to the lower part of the third shell, which is known as the 
superheater, and is usually higher than the first two. Each shell con- 
tains a firebrick lining about 12 inches in thickness, at the back of 
which is a filling-in material of asbestos fiber, or some good non- 
conducting substance about 2 inches in thickness ; on the outside being 
the steel shell. A branch on the top of the generator admits the coke; 
which is supported by grate bars at the bottom; and under these bars is 
a conical shaped hopper, sealed by means of a valve to make it gastight: 
The other two shells, in addition to the firebrick lining, are filled with a 
checkerwork of common firebrick, supported on arches or tiles. At the 
top of the superheater is a branch and stack valve, which regulates the 
flow of the gases from the apparatus. One reason for first building this 
style of plant was to adapt it to the low roofs of retort houses then in 
use. Its rapid progress in the United States was owing to the United 
Gas Improvement Company controlling the Lowe patents, and for com 
mercial reasons introducing it, without practically any competition with 
any other form of plant ; whereas, in Canada, where different condi+ 
tions exist, there have been five of some form of the combined type 
erected for every one of the double superheater type. 

It is worthy of note that some of the people who have had large ex, 
perience with this type of plant have discarded it for the second type— 
viz., the Merrifield-Westcott-Pearson apparatus—-which is now being 
introduced into Great Britain by the Economical Gas Apparatus Con- 
struction Company, and embodies the latest development in the evolu- 
tion of carbureted water gas plants. Parties who are very good as 
writers and theorists have tried to demonstrate theoretically that the old 
style of plant should be adhered to—possibly because the new one is 
covered by patents. The reason for abandoning this plant was owing 
to its inability to deal efficiently with the gasification of all grades of 
oil, especially the heavier ones found in Canada and England. Fo 
best practical results, this oil requires a low heat, which the double 
superheater fails to give, owing to the oil first coming in contact with 
either the brickwork or square iron bars at the top—i.e., the hottest 
part of the carbureter, caused by the radiated heat from the generator, 
and the producer gas continuously burning at this point when blowing 
up the heats. In practice, it is found impossible to keep this heat at 
the low point required for the best distillation of the oil ; the high heat 
causing a large percentage of lampblack. Its thorough mixture with 
the straight water gas is retarded by both passing down through the 
carbureter. 

At times the oil disintegrates the brickwork, and destroys the steel 
shell at the bottom. Practically the only part of the apparatus that acts 
as an efficient gasifier for the oil isthe superheater. When blowing up 
the heats, dust and small particles of coke are frequently carried from 
the generator into the refractory material of the carbureter, rendering 
it inefficient and requiring it to be renewed at an early date. The oil 
heater, being placed between the outlet of the superheater and washer; 
soou clogs up, owing to a deposit of lampblack. The great percentage 
of carbonic acid which is made in the generator, places a very heavy 
amount of work upon the purifiers. The floor space and distance 
between the valves give the gas maker unnecessary work. The con- 
nections between the generator and carbureter are practically a return 
to an obsolete and discarded form of plant, known as the goose-neck 
connection. 

The practical and theoretical experience gained by men who have 
had as much, if not more, experience than ‘any others, has overcome 
many of the above objectionable features by designing and building 
the newest type of plant, which may be termed the combined form. 

The Merrifield- Westcott-Pearson Setting.—Of the various types of 
the combined form of apparatus, there have been some 230 sets built. 
This particular type may be seen, among other places, at Blackburn 
and Birmingham ; the latter plant when completed having a daily 
capacity of from 8 to 10 million cubic feet. It consists of two shells— 
(1) the generator, and (2) the superheater and fixing chamber—with 
direct connections between them, only 20 inches apart, having brick- 
work linings similar to that previously described in the double super- 
heater type, with stack valve, etc. The superheater is the lower part of 
the second chamber, and superheats the water gas before it comes in 


contact with the oil. The fixing chamber is the top part of the second 


shell. The superheater is filled with common firebrick checker, sup- 
ported upon tiles ; and then there is a space between the top of the 
checkers to another arch above it, which is below the level of the work- 
ing floor, where the oil is admitted. This space may be called the car- 
bureting chamber. Directly above this is an arch supporting the 
checker bricks of the fixing chamber where the straight water gas and 
oil are literally cooked into a permanent gas. When blowing up the 
heats, the air is admitted into this second vessel at two different points, 
and they are so nicely adjusted that almost any temperature at any 
part of the apparatus can be obtained at the will of the operator—thus 
ensuring the most efficient and best results from the oil, giving them 
the different heats that may be required for any grade of oil in use, 
and admitting the oil to the coolest part of the apparatus. The oil, 
forced downward througi: the atomizers, impinges the straight water 
gas as it ascends, causing the two to mix in the most thorough man- 
ner, and thus preventing the undesirable collection of oil on the bricks, 
which would be burnt out when blowing up the heats. The brickwork 
is kept clean, and in most efficient working order, by passing all 
foreign matter that may blow over from the generator to the bottom of 
the superheater, where it is taken out from time totime through a man- 
hole, and never allowed to come in contact with the brickwork. The 
parts are so nicely adjusted that practically no lam pblack is made, thus 
ensuring better illuminating results. The water in the washer is al- 
ways kept at a high temperature, in order to prevent sudden cooling of 
the gas. The generator is specially arranged to give several different 
zones of heat, so as to keep down the amount of carbonic acid. 

Method of Operation.—A fire is started in the generator, which is 
filled up with coke. A blower is started by means of an engine, mak- 
ing a forced draught into the fire. at the bottom of the generator, the 
main being regulated by a valve. The coke becomes hot, which gives 
it a strong tendency to unite with the oxygen of the air, forming pro- 
ducer gas—that is, carbonic oxide and nitrogen are set free. These two 
gases pass out at the top of the generator down to the bottom: of the 
superheater ; and as they are only partial products of combustion (the 
meaning of which is that if more oxygen is added while they are in a 
heated state, they will ignite and burn), air is admitted at this point, 
regulated by a valve controlling the amount supplied from the fan, 
and the carbon from the carbon monoxide grasps the oxygen of the air, 
forming some carbonic acid, and leaving some carbonic oxide and nit- 
rogen. The amount is varied according to the heat required. These 
gases pass on up through the superheater and carbureting space to the 
fixing chamber, where another valve is opened and admits air to the 
fixing chamber, the oxygen of which unites with the remaining car- 
bonic oxide and forms carbonic acid, setting a further amount of 
nitrogen free. With the absorption of this large amount of oxygen 
from the air, heat results. The coke becomes heated, and the carbonic 
oxide absorbing the oxygen in the superheater and fixing chamber, 
there is an intense heat. which is absorbed by the series of loose fire- 
bricks with which the superheater and fixing chamber are filled. 
These are the products of complete combustion, which pass up through 
the stack valve to the atmosphere. Assoon as we have obtained suffi- 
cient heat from the decomposition of steam in the generator, and the 
best heats in the right places in the superheater and fixing chamber, we 
discontinue the process of blowing up the heat which has just been de- 
scribed, and commence. 

Making a Run of Gus.—The air blast is shut off from the fixing 
chamber and cuperheater and generator, and combustion ceases. The 
stack valve is closed, and steam is admitted under the grate bars of the 
generator, the highly heated carbon of the coke decomposing the steam 
by uniting with the oxygen and setting the hydrogen free, forming 
theoretically 2CO + 2H,. In practice, however, there are some impuri- 
ties and a certain amount of carbonicacid. Thesetwo gases form what 
is known as straight water gas, and will burn with a pale blue light. 
The illuminating power is produced by the oil being forced through 
the atomizers as before described. As the water gas passes up through 
the superheater, the oil is vaporized and gasified, and the two gases 
thoroughly mixed ; and it passes up through the hot firebrick. of the 
fixing chamber and forms a thoroughly fixed permanent high candle 
power gas, known as carbureted water gas. From here it passes on 
through the washer and oil heater, where the otherwise wasted heat is 
taken up by the oil which is passing in an opposite direction to the gas 
through acoil. From here the gas flows on through the scrubbers, 
condensers, purifiers, etc. When it is time to stop the run of gas 
making, the oil and steam valves are closed, and the stack valve 
opened. 








Making a Down-Run.—To again regain the heats, we proceed in like 
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manner as previously described. When all is ready to make the down 
run of gas, we close the air valves and stack valves, and simultane- 
ously shut the valve regulating the upper outlet of the generator, and 
open the valve regulating the outlet at the bottom of the generator. 
Steam is now admitted at the top of the generator, and passes down 
through the fire on over into the bottom of the superheater ; the same 
chemical reactions taking place in the formation of the water gas in the 
generator as previously described. After this the water gas is passed 
on, and comes in contact with the oil in the same manner as with an 
up-run. The same chemical reaction will be taking place in the forma- 
tion of carbureted water gas as has already been described. Frequently 
we make 5-minute blows and 7-minute runs. 

Analyses.—The following is an analysis of the unpurified gas from 
the Blackburn plant on this system. Candle power, 22.7. 


Sulphureted hydrogen.............. 0.6 per cent. 
CE Me acuntconsesstenaces 2.8 3 
Unsaturated hydrocarbons ........ “as 
SUNEE re cise GiGi wah cans > chon eos 0.1 “94 
ROI WIND din cca sc cenneccckances 27.1 2 
Saturated hydrocarbons............ 22.3 2 
PRU eros ho cass be ekanas 29.4 = 
Nitrogen (by difference)............ 7.4 - 


The following is an analysis of the purified gas taken from the same 
plant at another time. Candle power, 21.37. 


COON ROE 6S a6 en 5 Soe 5 ke bee — 

OR Sis cs cic ceicec eden eee es ks _ 
SN Ws 5 ei eaeea 13.9 per cent. 
PROPOR BOR MO. ooo i oe on 60.58 ee 26.2 - 
Gapbomic enide sis 6s sccgebande kes a7 
TPE acs esi asiive snc tineceds Cae 
PNM in £5565 50k ook gene hceiees 4.4 2g 

AE a Sigs cringe 0.592 


In order to show the analogy of this gas with coal gas, I append the 
following analysis of coal gas taken from the Minutes of Proceedings 
of the Institution of Civil Engineers, Vol. LX XIII., p. 320: 


eee err _ 

CIO iikn viv cc kcuce st pesucukeee 0.08 per cent. 
SINE 6 oie kiko dweinwedacdannar 3.53 ” 
SERIE ERIS Ee eg oe 35.25 - 
Carbonic oxide .........+. 2. sees. a: 
PENOIL 66 ioc ow nvns'n cove csosuoudl 51.81 
PUN oct ay soc cmp ageens 0.38 es 

PRET wip ts oa 36 5.8 4c 0.458 


From these analyses, it will be observed that coal gas and carbureted 
water gas, though made by two totally different processes, in the 
finished product are analogous. : 

Rapid Increase of Water Gas in America.—Notwithstanding the 
legal and technical contentions that have taken place in America, and 
almost everything possible done to,prohibit the manufacture of car- 
bureted water gas, still within the past 20 years it has increased so 
rapidly that at the present time 70 per cent. of all the gas made is car- 
bureted water gas, leaving only 30 per cent. of coal gas. In many 
leading towns—Chicago, Boston and other places—it is consumed in its 
pure state, without being mixed with coal gas. 

Scientific Opinions.—It will be unnecessary for me to quote the 
opinion of the leading scientists the world over on the advisability <f 
the use of carbureted water gas, further than the following from Dr. 
Crum Brown, Professor of Chemistry at the University of Edinburgh. 
After comparing the two gases, he concludes by stating: ‘* The in 
creased amount of carbonic oxide is therefore no real objection to the 
introduction of carbureted water gas for illuminating purposes in place 
of coal gas ;” and Dr. E. Frankland, formerly Gas Examiner of Lon- 
don, writes from the Royal College of Chemistry, South Kensington, 
London, dated May 16, 1878, as follows : 

In compliance with your request, I have read the reports of Dr. Henry 
Wurtz, dated Jan. 1, 1878, and March 4, 1878, on the composition and 
properties of the gas of the Municipal Gas Light Company, of New 
York, and also the articles published by Professor Henry Morton in 
the AMERioAN Gas LicuT JoURNAL of March 2 and 16, 1878; and 
having been called upon to express my opinion as to the adaptability of 
water gas for lighting and heating purposes, I have no hesitation in 
saying that it may be used with safety, both iu public buildings and in 
private houses. I should be delighted to substitute this pure and power- 
ful illuminating agent for the gas with which my house in London is 
at present supplied, although it is used in all the bedrooms, 








It would seem that many people when comparing the two gases for. 
get that the cause of a person dying from asphyxiation is want of oxy- 
gen ; and when they have been compelled to breathe marsh gas or car- 
bonic oxide, that the microscopical examination of the corpuscles o{ the 
blood from the effect of either is the same. It wouldseem that, though 
there is a greater amount of carbonic oxide in carbureted water gas (han 
in coal gas, yet in coal gas there is a much larger amount of marsh: gas 
than is found in carbureted water gas—the one offsetting the other in 
its ill effects. The general conclusion where this gas has been exien- 
sively used is that for illuminating purposes the one is no more dan <er- 
ous than the other. 

Use of Carbureted Water Gas.—As an Enricher.—The rapi: in. 
crease in the amount of carbureted water gas consumed in America ig 
owing greatly to its enriching value, and to the fact that a gas of 30 
candles can be made and used in its pure state. This was found neces. 
sary in order to compete with the electric light. As an enricher, it is 
one of the best, if not the best, known. A high candle power gas can 
be made proportionately at less cost than low candle power gas. or 
instance, the amount of labor and coke required per 1,000 cubic fee! to 
manufacture a 16-candle gas is precisely the same as that needed for the 
manufacture of a 30-candle gas ; the only extra cost being the additional 
amount of oil required. 

Clogging of Burners.—Some trouble has been experienced from the 
clogging of burners when using this form of gas. The same is also 
true of coal gas, and is only found when either gas is not thoroughly 
purified or condensed. With proper precautions, there is never any 
trouble whatever from the clogging of burners. 

Gas Engines and Heating Purposes.—Carbureted water gas when 
burning gives off about 5 per cent. less heat than coal gas of the same 
candle power. This difference is usually counteracted by making a 
higher candle power carbureted water gas than is generally made when 
manufacturing coal gas. There is no trouble from its use for power 
purposes in gas engines, or for cooking and heating purposes in stoves. 
Perfect satisfaction can be obtained from perfect combustion, which is 
attained by regulating the amount of air supplied to the gas ; carbureted 
water gas requiring a little less air than coal gas. 

Cost of Manufacture.—A. paper written by the Blackburn Corpora- 
| tion Engineer, and read before the Manchester District Institution of 
Gas Engineers, gives the amount of raw material required for 1,000 
cubic feet of carbureted water gas as shown in the next table. 
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This was the actual average working of one section of the plant from 
October 23 to November 13, 1895. In addition to the cost of raw mate 
rial, the wages per 1,000 cubic feet for the same time averaged 0.77d. 

Thermal Value.—When we consider this type of plant from a ther- 
mal standpoint as a heat engine from actual tests, it stands among the 
first ; and with the gradual evolution that is taking place, each year is 
adding to its efficiency thermally, and also as a chemical apparatus. 

Advantages of Carbureted Water Gas.—These are so well under- 
stood that only a reference will be necessary : 

1. The small ground space required ; about 2,500,000 cubic feet of 
carbureted water gas being manufactured in the space required for 
600,000 cubic feet of coal gas. 

2. Its immediate availability. Without injury, a cold plant can be 
making gas within four hours from the.time of firing the generator. 

3. Saving in capital account. 

4. Control of the coke market. 

5. Candle power increased or decreased instantly. 

6. Assistance in times of strikes ; one man making the same amount 
of gas as eight or ten men in a coal gas works, 

7. Assistance in case of dearth in coal supply, by making use of coke. 

8. Destroys and prevents naphthaline deposits. 

9. Reduces the cost of manufacture of coal gas. 

10. Saving in repairs and maintenance. 


That these advantages have been appreciated is demonstrated in Amer- 
ica by the amount of earbureted water gas used, and in Europe by its 
adoption at the works of many of the leading engineers. In every 
place the advisability of adopting carbureted water gas must be deter- 
mined by the peculiar local condition. From personal experience, the 
ideal plant is that which combines both coal and carbureted water gas. 
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The Production of Coal: Its Consumption and Cost. 
sipacibliagS i. 

Engineering says there are many objectivns to the acceptance of the 
view, too readily entertained sometimes, that the consumption of coal 
per head of the population offers reasonable basis for a comparison of 
the material progress of the people. Thus, when it is pointed out that 
they in Great Britain use 33 tons per capita against a tenth of a ton per 
inhabitant of Russia, it must be remembered that much wood is used 
for domestic purposes and much oil as mechanical fuel in the land of 
the Czar. The same influences are more or less operative in the 
United States of America, yet the consumption is 2.44 tons per head of 
population. Again, in Sweden, where barely half a ton is used per 
capita, the innumerable cataracts which give beauty to the mountain 
scenery have been utilized as power producers by the interposition of 
the mill wheel, so that water power plays an important part in the pro- 
duction. The same is more pronouncedly the case with Switzerland 
and Norway, but the Board of Trade return does not give the exact 
fizures for these countries. With Germany, France and Belgium, the 
only point which confuses comparison is that more wood is used in the 
home fire, but withal it is gratifying to note that these nations, our 
chief competitors in industrial enterprise, are far behind us in the 
volume of coal consumption, and even in view of the limitations indi- 
caied it may be accepted that Britain and the United States occupy the 
foremost position. As we have said, we burn 3.75 tons, Belgium 2.56 
tons, Germany 1.38 tons, France 0.95 tons, and Austria-Hungary 0.33 
tons per unit of population. Climate and its temperature is another 
influence, and this accounts for some small part of the low rate in 
Spain and Italy, 0.19 and 0.15 tons respectively. 

Perhaps a more legitimate comparison might be made by taking the 
records of each individual country for the latest year as against those 
for 12 years ago. Conditions do not much change from year to year, 
although the progress in engineering towards the higher economy of 
engines may affect the result in some countries more than in others. 
Although our coal is cheaper than in most countries, as we shail pres- 
ently show, greater efficiency is striven for. Again, the practice of 
using gas intermittently in the kitchen in the summer months instead 
of a coal fire continuously, also militates against a greater consump- 
tion than formerly, so that the fact that we have not increased our rate 
per capita more than 2 cwt. or so is not unsatisfactory, since therecan 
be no question of the extension of mechanical power in the same 12 
years. Germany has improved her consumption from 1.06 to 1.38 tons, 
and if details were possible, it might be found that much of this is due 
to the greater iron production. The price of coal does not seem to 
differ much in its fluctuations with that in Britain. Belgium has gone 
up from 2.45 to 2.56 tons, France from .81 to. 95 tons, Russia from 0.06 
to 0.10 tons. The changes in the other countries in Europe seem to be 
even less than in this country. In Japan, however, there is a step 
forward from .02 to .06 tons, marking only a beginning. When we 
turn to the United States, we have a decided advance from 1.91 tons to 
2.44 tons per capita, and here one naturally finds the reason largely 
in greater iron production, more extensively used mechanical power, 
and perhaps in the less quantity of natural gas fuel available. 

This method of comparison per capita has its advantages and disad 
vantages. The individual needs are recognized, and it suggests the 
amount of heat or energy in one form or other which is available for 
the population. But the casual reader, who forms such a large pro 
portion, fails to grasp the suggestiveness of such an apparently insig 
nificant increase as half a ton p2r inhabitant ia the United States of 
America. It means that the coal used has increased in amount from 
102to 170 million tons ; that this additional 68 million tons is equal to 
running throughout the working year of machinery requiring 1,700,000 
indicated horse power, or to assisting in the production of 70 to 75 mil- 
lion tons of iron. There is this point, too, worth noting, that the 
United States has by this progressive increase excelled Britain. Their 
total is now 170 millions, ours 146} million tons. Again, Germany’s in- 
crease is from 49 to 72 million tons. We are not nervously apprehen- 
sive, but it is right to state that for each ton of coal Germany used 12 
years ago we burned three, while now we only burn two for her one ton. 
Our increase of only 12 million tons indeed, seems to suggest that we 
are approaching the maximum, but as we havealready hinted, it will be 
satisfactory if, while maintaining our total of 147 million tons, we can 
increase its utility by gaining a larger measure of energy per ton. 
There is, however, some satisfaction still in the fact that the consump- 
tion in all Europe only exceeds that of our small insular kingdom by 

about 15 million tons, so that, even making liberal consideration for 
the wood or oil fuel or water power, available in the other countries, 
we stand pre-eminently the first manufactnring power in the Continent. 





Consumption is, however, not to be confused with production, and 
here we still excel even the United States, although it must be con- 
fessed that they are moving steadily forward here also to first position. 
In 12 years we have increased our output from 163% to 189.6 million 
tons, the United States from 102.8 to 1724 million tons, the increase in 
the one case being 26 and in the other 70 million tons.. They have not, 
however, entered in any seriousness upon the export trade—their ship- 
ments are 24 million tons; but in this fact there is not much satisfac- 
tion for us. It would be better for us if we could utilize still more of 
our coal rather than send such a surplus as 43 million tons to other 
countries. What we want to export is manufactures, not raw material. 
Of course, much of this coal goes to our colonies, but over 18 million 
tons go to Europe, a large part probably to support competitive man- 
ufactories. Germany has increased her production practically as 
much as Britain, from 55.94 to 79.16 million tons, or 24} million tons, 
and at the same time has not increased her exports of coal, while we 
have increased our exports from 294 to nearly 43 million tons. Of 
course in speaking of exports we deduct such quantities as have been 
imported. Belgium has increased her output only slightly from 18.1 to 
20.4 millions, but has not increased her exports, which amount to about 
4 million tons per annum. 

France really comes third amongst European countries, although, 
unlike the others, she has to import some of her fuel. Her production 
has increased in i2 years, 7 milllion tous, being now 27} million tons, 
but she still has to import 9 million tons. Twelve years ago the imports 
were 10 million tons, so that the greater output is almost entirely 
absorbed at home. Austria-Hungary is in about the same position, 
although she has not increased her output to the same extent, and has 
therefore had to import more. Thus the production increased by 23 
millions to 103 millions, and the imports from 1} to 44 millions, so that 
5} millions were more actually consumed. We have already indicated 
the proportional increase in coal consumption in Russia. The amount 
used has grown from 6} to 10} million tons, and the greater part of this 
increase is from Russian mines, theoutput having gone up from nearly 
four, to 8§ millions, whilethe imports have remained almost stationary. 
The difficulties of transport have probably much to do with the prob- 
lem here. Either mining will be more encouraged by improved means 
of distribution, with a consequent extension of manufactures, or in- 
creased importation will serve the same desirable end by the same 
necessary means. Spain is using about 3$ millions, about 33 per cent. 
more than 12 years ago, half of it produced at home and the other half 
imported. The greater part of the increase is accounted for by mining 
in Spain. 

Turning now to our colonies, we find that the total production in 
Australasia has increased from 3 to 5 million tons, while the consump- 
tion has only increased from 2.1 to about 3$ millions. Excepting New 
South Wales, the several colonies seem only to use about half a ton per 
capita, and they import considerble quantities. New South Wales uses 
nearly as much as all the others put together—1,572,732 tons ; but she 
exports over 2 million tons. Her export trade has grown at the same 
rate as the production, so that the consumption 12 years ago was 1.17 
tons per capita; it is 1.23 tons now, less, however, than it was five or 
six years ago, so that it can scarcely be said that much progress has 
been made with mechanical power. In India the output has grown in 
the period under review from 1.3 to 3§ millions, while the imports have 
remained at 700,000 tons ; but the increase of nearly 2} millions to con- 
sumption is only equal to the growth in population, so that there has 
not been much improvement. There is abundant room for more. In 
Canada the output has practically doubled, and the imports have 
grown proportionately, the one being now 3} and the other 2 millions, 
so that the Dominion uses fully 24 million tons more of coal than 12 
years ago. In the Cape of Good Hope they only use 201,548 tons— 
three-fourths imported. 3 

It will therefore be seen that the countries which assist their less for- 
tunate neighbors in making up their deficiencies in fuel are the United 
Kingdom, to theextent of 45 millions; Germany, 7.2 millions ; Belgium, 
4 millions ; Japan, United States, 2} millions ; and New South Wales, 
2.16 millions ; and it is, perhaps, interesting to note the vost of produc- 
ing the coal in these countries. The United States is lowest ; the latest 
returns show that it was only $1.19 per ton, which is about the cost in 
Britain in 1887. Now it is $1.51 here, and should the States maintain 
the price of $1.19 it is quite possible to conceive that she will quickly 
take a higher place as an exporter. As it is, the lower price must have 
a powerful influence in increasing mechanical power and in cheapen- 
ing manufacture—two synonymous terms. Germany, as a rule, moves 
in sympathy with Britain, although for the latest year the value at the 
pithead is $1.70. Belgian coal seems always to cost more, notwith- 
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standing that it is per metric ton. It is $1.88. In France the cost is 
put at $2.20; in Hungary, $2.19; in New South Wales, $1.35, and in 
the other colonies it varies from $2.04 to $3.06. 

Of the countries with a plethora of coal the United Kingdom seems 
to have the lowest price, excepting the United States, which is probably 
not yet in a position to export. It is true our price is only 19 cents per 
ton less than Germany’s—and often not so much, but they have not 
much coal to export. It thus follows that by reason of our low price 
we have the larger part of the European markets. Thus we send 17 
per cent. of the coal consumed in all Russia against 4 per cent. sent by 
other countries; while 874 per cent. of the coal burned in Sweden is from 
British mines. Even Germany has for special trades to take 4 million 
tons from us, or 5.58 per cent. of her total supply ; Belgium also takes 
2 per cent.; France 4} millions, or 11} per cent.; while half the coal 
consumed in Spain goes from British ports, and 88.71 per cent. of that 
used in Italy. 

The less cost of winning the coal in the United States is probably in 
part due to the more extensive adoption of machinery, which results 
in 450 tons being produced per person employed. In New South Wales, 
where the cost of production js correspondingly small ($1.35), the out- 
put per worker is 402. In the United Kingdom it is 276 tons. This 
proportion has been steadily decreasing. In 1883 it was 347 tons. Since 
then the hours of labor and other influences have been at work, and 
although the drifts are now longer and deeper, improved machinery 
probably makes up partly for the decrease in manual work. In Ger- 
many the average output is about 260 tons; in Belgium, 172 tons; in 
France, 205 tons ; and in Austria, 178 tons. In other words, the British 
miner is the only one who has materially reduced his yearly output ; in 
the case of others it is stationary, or has, as in the States, greatly in- 
creased. 








The Prevention of Fires Due to Leakage of Electricity. 
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[A yaper read by MR. FREDERIOK Batnurst, A.I.E.E., before the So- 
ciety of Arts, England.] 


Introduction.—lIt is scarcely 16 years ago since the attention of the 
fire insurance offices was first directed to a class of hazards previously 
unknown to them, viz., the danger to property arising from the use of 
electric current for furnishing power and light. The currents which 
then came into use were proportionately immensely larger than those 
previously used for telegraphic and other purposes, and now represent 
possibilities of energy which can be measured only in hundreds of 
horse power. 

Many will still remember the ‘danger scare,” created about the year 
1880 or 1881, upon the introduction of electric lighting by reason of the 
crude methods of wiring which were first adopted. Science and art, 
however, are in their nature necessarily progressive, and necessity has 
encouraged improvement and invention. In respect of electric wiring 
t‘1e increase in the demand for electric light has provided wider experi- 
ence and Cemonstrated new wants. Public confidence has gradually 
become re-established, and it is now felt that the elements of great haz- 
ard are not necessarily inherent in all electric work, and that fires are 
preventable within the limits of ordinary wiring practice. 

As this improved state of affairs must be ascribed, more or less, to the 
initial action taken by the various insurance companies—who ostensi- 
bly. for their own protection, posed as authorities, took the reins of 
guidance, and. produced ‘‘ rules” for the purpose of ordering “‘ safe wir- 
ing’ —it may perhaps seem somewhat inconsistent to suggest that their 
rules may now even bar the way to further progress. Consideration of 
this paper may, however, show that in the light of increased experience 
and with the lapse of time, conditions are arising which prevent the 
rigid and consistent enforcement of the rules, and so failing to provide 
perfect safety and reliability, they are becoming antiquated and inoper- 
ative. 

Although we are having fires caused by electric agency, of recent 
years we have escaped those of such a nature that public attention 
would be called to them, and confidence as to the relative safety of elec- 
tric light has been secured. This acknowledgment becomes all the more 
desirable for us to retain when it has to be admitted that even with our 
restored reputation, there still lurks ominously in the public mind an 
undefined presentiment that electricity and electric fittings of all kinds 
are in some way ‘‘ dangerous ”—if only as presenting to the lay mind 
the possibility of an accidental shock. / 

It must, however, always remain a matter of congratulation that the 
early action on the part of our fire offices has so far enabled the elec- 


trical industry in England to escape the effect and criticism which 


would arise from the frequent occurrence of insidious and diateective e 
fires caused through defective electrical installation work. 

The problem of safe wiring is therefore of the utmost importance, 
and involves the main interest and welfare of the electrical industry, 
The writer will seek to prove that the greatest ‘‘ safety” is to be found 
in adopting the best means of securing and maintaining ‘‘ perfect insu- 
lation,” so that it becomes necessary to enumerate the principles that we 
have to follow, and to ascertain the conditions under which they have 
to be applied. 

Perhaps before proceeding in our review of the present: methods of 
wiring it will be helpful to take a momentary retrospect of the develop. 
ment of an analogous service, viz., that of gas. When gas was first 
introduced, many crude methods of installation were adopted, such as 
glass tubes, tinned.iron, or copper pipes. These practices gave the 
needful experience which ultimately led up to the employment of iron 
pipes, the use of which, indeed, sprang from the utilization of old worn- 
out gun barrels, until the increasing demand for gas stimulated the 
production of wrought iron pipes. 

King’s treatise on the ‘‘ History of Gas Lighting” states that gas pip- 
ing service was at first very costly and cumbrous, and remained so un- 
til Whitehouse, in the year 1825, took out patents for improvements in 
the manufacture of wrought iron pipe, and produced it by machinery, 
It was the lower first cost of installation due to this improvement in 
production of gas pipes, which afforded means for the general advance- 
ment of gas lighting, as it is on record that the chief impetus in gas 
consumption dates from the year 1830 ; that is the time when Mr. (af- 
terwards Sir) James Russell took over Whitehouse’s works and patents 
and largely increased the production of low cost iran gas piping. 

Conditions.—In order to compare the practice of ‘‘ gas piping” with 
‘* electric wiring,” we have to bear in mind the anomaly that electricity 
needs, instead of an orifice, a solid material as its conducting channel. 
The metal copper, owing to its good electrical conducting properties, 
has by universal consent become the favorite material to employ. 

A length of copper wire affords a simple means of transferring elec- 
trical energy from point to point. 

This energy, according to the transmuting device employed, may be 
caused to show itse:f as light, power, heat or chemical action. A part 
of the energy thus transmitted disappears in the conducting wire itself, 
according to the opposition or *‘ resistance” offered. This resistance 
varies directly as the length, inversely as the cross section of the con- 
ductor, and according to the specific conducting capacity of the material 
used, each conducting material possessing its particular specific resist- 
ance. Metals have, as a rule, the least resistance and are therefore us- 
ually selected 2s conductors. The portion of energy dissipated in the 
conductor because of its resistanc? really reappears in the form of heat, 
which action increases the temperature of the conductor above its sur- 
roundings, and unless the size or ‘‘ sectional area” of the conducting 
medium is properly proportioned to the energy to be carried, this heat- 
ing action may, from a fire-risk point of view, become serious—an 
over-taxed wire readily becoming hot enough to set fire to any inflam- 
mable material in contact with it. The conventional safe working cur 
rent for copper wire has been fixed at 1,000 amperes per square inch of 
cross sectional area. The energy it is possible to pass through a wire is 
dependent upon the pressure or ‘‘ voltage’ at which the ele*trical sup- 
ply is effected, and is measured by the product of the pressure or * volt- 
age”? multiplied by the ampere flow of current. The pressure of 
‘‘voltage” which represents such an important factor in electrical sup- 
ply may, by the non technical, be taken as representing the power of 
the current to force its way along the conducting path by overcoming 
the resistance. The ‘voltage’? also determines the ability of the 
energy transmitted to break through any environment or ‘* insulation’: 
which has been provided for the purpose of confining the current 
entirely to its conducting path. 

As in the case of fluids where suitable pipes must be made and joints 
provided with a due consideration of the pressure they have to sustain, 
so also in electrical service—the metallic conductor has to be regarded 
in respect to these conditions, for, as ‘‘ pressure” can burst a pipe, so 
‘* voltage” can puncture or pierce insulation. 

Silk, cotton, rubber and other insulating coverings have been placed 
upon wire for the purpose of confining the current to its proper path. 
These materials, in comparison with a metal like copper, are such poor 
conducting mediums in themselves that they may be termed non- 
conductors or ‘‘ insulators.” The function of all insulators is to sur- 
round the conducting path witha non-conducting wall so as to prevent 
any extraneous deviation or ‘* leakage” of current between the point 
of generation or supply and that of utilization. 








We see then that in the analogy between gas pipe service and electric 
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wire service, it is the frail insulating covering of the electric wire 
which corresponds to the substantial metallic coat which forms the gas 
pe. 

, Since in every electrical path or circuit we have a pressure or voltage 
constantly striving to break through the insulating covering, it is 
evident that the problem of safe and effective wiring is to secure and 
maintain perfect insulation for the conductors throughout their length 
and treatment. It becomes necessary, therefure, to study the nature 
and conditions of the insulating materials available. 

Speaking generally of insulating materials it is found that the influ- 
ence of ‘‘ moisture” upon them is very deleterious; for moisture being 
itself a conductor, causes any insulating material absorbing it to lose 
its insulating property. A current leaking through a moisture perme- 
ated insulating material produces heat, the material itself becomes 
charred, and entirely loses its insulating properties, all its specific virtue 
being ultimately destroyed. 

As an insulating covering may be subjected to the influences of heat. 
arising from the conductor itself carrying excessive current, it is ob- 
vious that we should use an insulating material which is little affected 
by heat, although we find that our choice has to be modified by the con 
sideration that heat resisting materials are usually very great moisture 
absorbents. 

In practice, moreover, insulated wires may be subjected to rough 
usage : it is important, therefore, to find materials which have sufficient 
inherent strength to withstand the physical vicissitudes. 

In buildings, wiring is everywhere adjacent to wood or brickwork, 
or in contact with plaster and cement. These building materials, when 
dry, may be classed as insulators ; but if damp, they are, on the con- 
trary, fair conductors, and able to act upon the insulating covering 
chemically, so as to eventually destroy its insulating properties. A 
current leakage into plaster or brickwork at some one point may not in 
itself cause serious damage, but the fact of its having ‘‘ earthed” a por- 
tion of the circuit makes it hazardous for the same occurrence happen- 
ing in another place. If leakage only presented a temporary interfer 
ence to the working of an inst. llation and the convenience of the user, 
it still should be avoided ; but experience also shows that when backed 
by a dynamo and steam engine, sufficient heat energy can be developed 
to cause a fire. Time, heat, cold, chemical action and moisture are all 
powerful influences that may tend to deteriorate any of the insulating 
materials in use commercially ; whilst, in addition, accidental damage 
of the material in the process of manufacture or installation must also 
be reckoned with. 

Incipient electrical faults, such as above referred to, are not readily 
detected—usually only when a sensational notice of the defect is given. 
This possibility therefore further accentuates the necessity of insisting 
upon good work and the right conditions to start with. 

An insulator to be perfect should be one that will keep its insulating 
properties under all conditions of temperature, being non-corrodible, 
durable, moisture proof, fire resisting and a reliable armoring. This 
combination of qualities is at present only partially provided in com- 
mercial work, and considering the growing tendency to increase the 
voltage of supply, this “insulation” problem represents a strife between 
the power of penetrating and the power of resisting with an all too 
favorable possibility on the side of penetration. 

Experience.—The first electric wiring was done with wires very in- 
adequately insulated and these were usually fastened directly against 
the nearest convenient support, with iron staples, brass saddles, or later 
with wooden cleats. If the insulation was not mechanically damaged 
nor the wires overloaded, and everything was kept quite dry, trouble 
would not perhaps be immediately experienced, but the natural moist- 
ure of the atmosphere or accidental conditions soon caused imperfec- 
tions. 

The leaking current could set fire to the partially insulating materials 
by gradually consuming minute particles, until the semi-conducting 
gases so generated would combine into a destructive “ arc ;” or if leak- 
age occurs between wire and wire a “short circuit” would be created 
so as to cut the translating devices out of action, and allow the whole 
current to pass through the defective point. 

The heating effect of the current increases directly as the square of 
its ampere value, so that the amount of heat generated by the short 
circuit rush of current at the defective point can become very great, 
sufficient indeed to melt the conductor itself, and set the immediate 
surroundings on fire. 

It is true that we seek to gain protection from such hazards by the 
use of ‘‘ Safety Fuses””—thin strips of tin, or easily fusible lead alloy 
wires—which melt and volatilize when an excessive current is passed 


through them, and so automatically form a break in circuit, and a 





means of disrupting the current. Such fuses are are arranged in non- 
combustible containing chambers, usually earthenware, which will not 
be damaged by the momentary heat generated by the arc when the fuse 
melts. A ‘‘ fuse” is designed to give protection against overloading a 
circuit ; it has, however, its limitations. An abnormal current takes 
time to heat the fusible metal to melting point, thus introducing an ele- 
ment of uncertaiuty. Furthermore, a fuse does not give protection 
against a leakage of current less than that required to fuse it. In other 
words a fuse so small as 5 ampere capacity will not prevent a 4 ampere 
leak, whereas with favorable conditions a leakage current of 2 amperes 
can cause a fire. 

Early wiring work was also defective in respect to design and work- 
manship, the electrical distribution being effected on what is known as 
the ‘‘tree” principle, in which a main wire feeds branch wires, and 
these again feed still smaller wires. Construction of this sort necessi- 
tates the use of a large number of fuse points and electrical joints, 
fuses being provided wherever it is necessary to make a junction of a 
small wire with a larger one. The joints presented many chances for 
imperfect work, and unless carefully made would give trouble. If two 
wires are joined together the electrical resistance of contact depends 
upon the perfection of the union, a slight or partial contact, say on 
account of rough or dirty surfaces, may mean high resistance, result- 
ing in the production of excessive heat. The insulation of the joint is 
also an operation which requires care and experience, in order that the 
new insulating covering should be perfectly waterproof and mechani- 
cal, and correspond in effectiveness to the original protection. Care- 
lessness in handling wires, besides damaging the insulating covering, 
may, in the case of a brittle conductor, result in partial fracture of the 
copper under the insulating coating. Under these conditions the wire 
may become heated, and an are occur at the ruptured ends which can 
set fire to the insulation. Wires, again, which are too small for the 
current they are to carry, become over-heated, or the same result is 
attained if translating devices are changed or increased whilst the 
‘*fuse’’ has been purposely changed or strengthened to allow the in- 
creased current. Accidental contact of an imperfectly insulated wire 
carrying a relatively high voltage, with another designed for low 
voltage, can result in damage to the latter. The improper placing of 
wires, or lamps, or the defects arising from poor and defective contact 
of binding posts and switch terminals, can all become fruitful sources 
of trouble, and swell the number of conditions by which electrically 
caused fires may result. 

Most insurance companies preface their rules for electric wiring by 
reciting the principal sources of danger to be anticipated, including 
them under the following headings : 

1. Inferior material and workmanship, particularly in joints, fit- 
tings and connections. 

2. Conductors of inadequate size and conductivity. 

3. Perishable and inferior insulating materials. 

4. Dust, dirt and moisture. 

5. Undue heating. 

6. Neglect of frequent testing and inspection. 

In the light of our previous examination of the possibilities by which 
electrical fires may ensue, we see that these conditions might be broadly 
summarized as troubles arising mainly under three headings : 

1. Imperfect insulation. 

2. Imperfect conductivity. 

3. Imperfect workmanship. 

[To be Concluded. ] 








Calcium Carbide. 
esa ees 

When calcium carbide first made its appearance as an industrial pro- 
duct, one of the uses suggested for it by some of its over enthusiastic 
advertisers, was a source of power for motors. There has now been 
time to examine the possibilities of calcium carbide in this direction, 
and the Journal de l' Eclairage au Gaz, 1896, pages 266 to 268, con- 
tains the accounts of some experiments by M. Ravel that are of great 
interest in this connection. As regards the explosive properties of mix- 
tures of acetylene and air, the range is found to be from 4.7 per cent. 
up to 57 per cent. by volume of acetylene ; whilst the maximum force 
is developed with a volume percentage of acetylene of 7.8. This is a 
wider range of explosive properties than is found in mixtures of coal 
gas and air. The maximum rate at which the flame travels through 
the mixture of acetylene and air is also much in excess of that found in 
the case of coal gas, and this gives to the explosions a detonating char- 
acter, The ignition temperature of acetylene is 480°C. ; that of coal 
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gas is 600°C. The temperature of combustion of a 50 per cent. mixture 
of acetylene and oxygen, is 4,000° C., 1,000° C. higher than that of the 
oxy-hydrogen flame. It is interesting to compare with this tempera- 
ture that obtained by Moissan in his electric furnace investigations. By 
using a current of 2,000 amperes at 80 volis, Moissan succeeded in ob- 
taining a temperature of 3,500°C., and in volatilizing carbon. A tem- 
perature of 500°C. beyond that obtained in the electric furnace, 
therefore seems to indicate great possibilities for acetylene, as a source 
of heat in high temperature research. 

On account of the detonating character of the explosions of mixtures 
of acetylene and air, it is unsafe to use a higher volume percentage of 
acetylene than 4in gas engine experiments. M. Ravel lays stress upon 
the necessity for attention to the four points already noted when work- 
ing with acetylene. Summarised these are : 

a. Rapidity of flame propagation in explosive mixtures. 

b. Low ignition temperature. 

c. High combustion temperature. 

d. High explosive force. 

The experiments to decide its applicability to motor purposes were 
carried out in a double-acting 2-hors2 power gas engine. Comparative 
experiments with coal gas were made with the same engine. The best 
results were obtained with a consumption of 28.4 cubic feet of acetylene 
per hour, with an indicated horse power of 2 48; 85.3 cubic feet of coal 
gas per hour were requisite to obtain the same result. The ratio of the 
calories of heat generated by combustion in the calorimeter for acety- 
lene and coal gas is about 2.5: 1. 

As a result of hisexperiments, M. Ravel comes to the conclusion that 
some special form of gas engine will be requisite in order to obtain safe 
working when acetylene is used. 

Coming to the question of comparative expense, it is necessary to re- 
mark that the present sale price of calcium carbide, which varies from 
$80 to $140 per ton, is much in excess of its cost price. The latter, 
under the most favorable ‘manufacturing conditions, is believed to be 
$30 per ton. Coal gas also is sold at a price much in excess of its real 
cost of production ; and where it is manufactured for use on the spot, 
it 1s safe to take its cost as 20 cents per 1,000 cubic feet in place of 75 
cents. Using these prices as a basis of comparison, we obtain the fol- 
lowing figures for the cost of 1 indicated horse power hour, when using 
acetylene and coal gas. 

The calcium carbide is estimated to yield 5 cubic feet of acetylene per 
pound. The costs of 1,000 cubic feet of acetylene, at the two prices $50 
and $30 per ton for the carbide, are therefore $4.43 and $2.66 respect- 
ively. 

Cubic Feet Used Cost. 
r Indicated “ 
Per 1,000 





orse Power 
Hour. Cubic Feet. 


.75 cents. 
.20 oe 


Per Indicated 
Horse Power Hr. 


2.48 cents. 
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Taking the higher estimates, we find that acetylene is nearly twice as 
costly as coal gas per indicated horse power hour when used in the 
present form of gas engine ; and that if the “cost” prices of calcium 
carbide and coal gas be considered, the ratio rises to over 4 to 1. 

Its use for motor purposes is consequently likely to be a very re 
stricted one, and coal gas and oil would seem to be in little danger of 
displacement, the more so as the English Home Secretary has scheduled 
calcium carbide as an explosive,which means that it can only be stored 
and conveyed under special conditions, which are onerous. The fire 
insurance companies also forbid its use in buildings under their 
policies. 

The manufacture of calcium carbide goes steadily forward, although 
its practical applications seem to be still in the experimental stage of 
development. Acetylene has been successfully tried on one of the 
French rail ways for lighting the carriages; but we have yet to learn 
that it has been permanently adopted for lighting purposes on any rail- 
way in this or other countries. There are estimated to be now 17 
manufactories of calcium carbide in Europe and America. The major- 
ity of these are merely small experimental works, but some few of them 
are large undertakings ; as, for example, the Pictet Company, in Brus 
sels, with a capital of $400,000. 

The famous Neuhausen Aluminum Company is arranging to com 
mence the manufacture at Rheinfelden, nedr Bale. Another works 
for the same manufacture is being erected at the same spot by a Ger- 
man firm. 

There is consequently likely to be fierce competition between the 
various producers of calcium carbide in the near future, and a fall in 
price similar to that witnessed in the aluminum industry in the years 


1890-94 will most probably occur. Competition between the rival pro. 
ducers of aluminum caused a fall of 75 per cent. in price during the 
years named, and only two surviving companies remained at the end 
of this period of industrial competition. If such a fall is to occur in 
the calcium carbide industry, those companies laboring under ex. 
cessive capital charges, or with heavy royalty charges to pay, wil! fare 
badly in the fight. 








ITEMS OF INTEREST FROM VARIOUS LOCALITIES, 
deed he 

THE Eastchester Gas Light Company, of Mount Vernon, N.Y., which 
is owned and operated by the American Gas Company, of Philadelphia, 
will erect a handsome office building fronting on Depot square, Mount 
Vernon. The structure is to be two stories over ground, and will be of 
brick with stone trimmings. When finished the building will be devoted 
entirely to the office, showroom and workshop needs of the Company. 
The contract for its construction has been awarded to Messrs. Jenks & 
Piume, and Superintendent Gerould will see to it that the work is 
properly done. 





AT the annual meeting of the Canandaigua (N.Y.) Gas Light Com 
pany the following officers were elected: Directors, Messrs. Bradley 
Wynkoop, F. A. McKechnie, John D. McKechnie, Louis Sayer, J. E. 
Dayton and Mrs. H. L. Howe and Mrs. M. E. Sayer; President, 
Bradley Wynkoop ; Secretary and Treasurer, F. A. McKechnie. 





THE proprietors of the Hackensack (N. J.) Gas and Electric Com- 
pany have at last turned their attention to increasing the use of gas for 
fuel in that locality. In a circular letter recently distributed freely 
throughout the place, they offer to connect up and install free of charge 
a small gas stove, provided the consumer will guarantee to use through 
it, in the course of a twelvemonth, gas amounting in value to $5. 





Tuk Berlin Iron Bridge Company, of East Berlin, Conn., has been 
awarded a contract to furnish a steel roof for a large storehouse which 
is to be erected by the Waterbury (Conn.) Manufacturing Company. 
The building is to be 54 feet wide and 144 feet long, the side walls to be 
of brick and the roof to be supported by steel trusses. The covering is 
to be of corrugated iron lined with the Berlin Company’s anti-con- 
densation fireproof lining. 





Mr. Joe. Eaton, who, in partnership with Mr. A. O. Swift, built the 
gas works at Council Bluffs, Iowa, in 1870, died at the Ogden House, 
Council Bluffs, on the evening of March 30th. He managed the Coun- 
cil Bluffs gas plant from the time of its completion until it passed into 
other hands some six or eight years ago. He was in his 53d year, and 
his earlier years were passed in Dedham, Mass. A brother and sister 
survive him. 





ARTICLES incorporating the South Omaha (Neb.) Gas Company have 
been filed by Messrs. James Gilbert, B. E. Wilcox, Daniel Cameron, 
D. L. Holmes and M. D. Hyde. The capital stock is fixed ‘at $159,000. 





Tue Standard Ges Company, of Whitewater, Wis., has been incor- 
porated by Messrs. C. E. Gray, F. Borch and M.G. Jeffries. It is 
capitalized in $60,000. 





Me. AntHony N. Brapy, President of the Municipal Gas Company, 
of Albany, N.Y., has informed the authorities that, on the Ist day of 
June next, the price of gas for illuminating purposes will be reduced to 
$1.50 per 1,000 cubic feet ; the rate for fuel and power use to be $1.25. 
As heretofore, the City Building and the City Hall will be lighted free 
of charge. 





WE understand that a similar course to the above has been deter- 
mined on by the proprietors of the Troy (N. Y.) Gas Company. 





AT a special meeting of the Directors of the Doylestown (Pa.) Gas 
Company Mr. Samuel Z. Freed was elected Secretary, vice Mr. Murfit. 
Mr. Freed is also Treasurer of the Company. 





Unper the agreement between Mayor Swift and Comy»troller 
Wetherell, of Chicago, the Chicago Gas Companies have signed con- 
tracts to light the street gas lamps for the year ending December 31, 
1897, at the rate of $20 per lamp. The Companies contracting to do the 
work (the Chicago Gas Light and Coke Company, the Peoples Gas 
Light and Coke Company, the Hyde Park Cas Company, the Suburban 
Gas Company and the Lake Gas Company) agree to pay into the city 
treasury the sum of 84 per cent. on the gross receipts, the payments on 





such account to be made quarterly. 
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Me. Wa. 8S. WaTerRBory has sold to the Ballston Spa (N. Y.) Elec- 
tric Light and Power Company all the rights and privileges heretofore 
enjoyed by him as proprietor of the Ballston Spa gas works. 





“©. R. L.,” writes from London, England, under date of March 
g7h: ‘*On the eve of his departure for the United States, Mr. J. T. 
Westcott, chief representative of the Economical Gas Apparatus Con- 
struction Company, Limited, the headquarters of which Company are 
in Toronto, was entertained at the Whitehall Club by a few friends de- 
sirous of marking their appreciation of one who, since his arrival in 
this country some two years ago, has done so much to popularize the 
Merrifield-Westcott-Pearson carbureted water gas plant, to which he 
has devoted his time and talents. Laboring under adverse circum- 
stances, it is not too much to say that Mr. Westcott has been singularly 
successful, for within this comparatively brief period he has fitted up 
machinery in divers parts of the kingdom capable of producing some 
13,000,000 cubic feet of gas per day. He has been successful in making 
many friends in the English gas engineering world.” 





THE new gas rate ($2.25 per 1,000, from $2.50) for an illuminating 
use, at Webster, Mass., went into effect on the Ist inst. The rate fora 
fuel use ($1.75 per 1,000) remains unchanged. 





Tue City Council of Tiffin, O., has leased the municipal gas plant 
(formerly used to supply natural gas in that city) to Patrick Dowling, 
of Toledo, O., who agrees to furnish a manufactured fuel gas to the 
residents at the rate of 25 cents per 1,000 cubic feet. The agreement is 
to last for three years, and the rental is $4,200 per annum. We wonder 
how long Mr. Dowling will last at that rate. 





THE Boston Herald says that the March output of the Boston Gas 
Companies fell off 5.04 per cent. from March ef 1896, all Companies, 
with the exception of the Dorchester, showing a decrease. The com- 
parative output of the Companies in the Bay State combination, for 
March, and for the first quarter of 1897, is given in the appended table: 





Company. March, 1897. March, 1896, Changes. 
SN chic iclvin'ala'e's «6 105,984,000 111,710,000 5,726,000 dec. 
OU, See Ae 18,063,000 19,199,000 1,136,000 ‘* 
Dorchester.......... 15,077,000 14,019,000 1,058,000 inc. 
South Boston ....... 9,402,000 9,574,000 172,000 dec. 
Brookline........... 67,140,000 72,511,000 5,371,000 ‘‘ 

ye eee 215,666,000 227,013,000 11,347,000 dec. 
For first quarter, 1897, 687,329,000 744,277,000 56,957,000 ‘* 





“OBSERVER” writes that Mr. A.S. K. Clark is acting as Treasurer of 
the Cambridge (Mass.) Gas Light Company, vice the late Mr. Adolph 
Vogl. He further says, it is not at all improbable that the Directors 
will formally name Mr. Ciark as Mr. Vogl's successor. 





THE new gas rate at Waltham, Mass., took effect April ist. The 
gross rate has been reduced to $1.80 per 1,000, from $2, and prompt 
payment (within 15 days) entitles the consumer to a rebate of 10 per 
cent. 





Tue voters of Concord, Mass., have voted that it is expedient for 
the town to engage in the business of gas and electric lighting supply 
on public account. 





THE Lawrence (Mass.) Gas Company has opened a branch office and 
showroom in the Methuen district. 





THE Elgin (Ills.) American Gas Company has authorized Superin- 
tendent Dunbar to distribute 200 gas cooking stoves or ranges without 
making any charge therefor; the necessary condition being that the 
consumer shall deposit a sum of money equal the list price of the 
stove selected, which money shall be applied to in payment for the gas 
used until the deposit is exhausted. When the deposit is absorbed the 
stove becomes absolutely the property of the consumer. 





THE Standard Oil Company is about to erect, at Bayonne, N.J., a 
boiler shop, 300 feet long and 105 feet wide. The main portion will be 
divided into three bays, the central bay (about 50 feet wide) to be 
served with a 15-ton electric crane, supported on heavy girders, about 
40 feet above the floor. On either side of this main portion a wing is 
arranged for of about 30 feet in width. The walls of the building are 
to be of brick, the supporting frame is to be of steel, and the roofs are 
to be covered with corrugated iron. The main columns of the shop are 
to be 25 feet apart, and all are disposed so that jib cranes of suitable size 








and capacity can be attached at any point which, together with the 
traveling crane in the center, will enable them to cover the entire floor 
surface of the building. One end of the building, for a distance about 
75 feet in length, is supported by clear span trusses, which gives a 
clear floor space over the entire area. In this end of the building will 
be located furnaces, fires and other apparatus for heating and shaping 
the material forthe boilers. The building will be well lighted by win- 
dows in the side walls, and in the monitors of the roof, and will be 
amply ventilated by means of large monitors on the ridge. The steel 
work for the structure was designed and will be erected by the Berlin 
Iron Bridge Company, of East Berlin, Conn. 





THE betterments on the gas and electric light plants ot the New Lon- 
don (Conn.) Gas and Electric Company are being carried out under 
the supervision of Mr. E. A. Blackwell, the Company’s Chief Engineer. 





Miss Lucy C. ANDREWS has been engaged by the Kansas City- 
Missouri Gas Company to give several demonstration lectures on cook- 
ing by gas in that city. The lectures will be given at stated times 
during the months of April and May, at various points in the city. 





A CORRESPONDENT forwards the following : ‘‘ The annual meeting of 
the shareholders of the Knoxville (Tenn.) Gas Company was held on 
the 2d inst. From the annual reports it was learned that the Company 
had expended $4,000 last year in main extensions, and that $1,200 had 
been invested in new meters. Out of the 3,360 shares in the Company, 
2,637 were voted on at the meeting. This yeara determined effort will 
be made to induce the householders to go in for cooking by gas. The 
officers chosen were: Directors, J. L. Rhea, E. H. Saunders, J. E. 
Hood, A. D. Leach, R. R. Swepson, J. Y. Johnston and W. P. Wash- 
burn ; President, R. R. Swepson ; Vice President, A. D. Leach ; Sec- 
retary and Treasurer, E. H. Saunders. 





Mr. GeorGE La Fayetre Morris, formerly prominent in the af- 
fairs of the Birmingham (Ala.) Gas Company, died at his home in that 
city on the evening of March 29th. He wasin his 48th year, having 
been born in Spring Place, Ga., in 1849. 





THE Special Committee of the Philadelphia Common Council, ap- 
pointed to investigate the supply and distribution of the gas purchased 
by the city under contract with the Philadelphia Gas Improvement 
Company, has presented its report, which is quite favorable to the con- 
tractors. In summing up, the Committee said: ‘‘ Your Committee, be- 
ing appointed to investigate the supply and distribution of the water 
gas, could not extend its inquiry into the supply and distribution of coal 
gas, except as it affected the water gas. The analysis furnished the 
Committee by the Drexel Institute forces us to believe that in the man- 
ufacture of coal gas there must be something radically wrong, or there 
would not be such a large percentage of nitrogen, which is almost as 
destructive tu the candle power of the gases as carbonic acid. That the 
mains generally are in bad condition is a matter of record, and the tes- 
timony of Chief Park in this respect is simply a reiteration of a fact 
that is already known to Councils, and there is no doubt in the mind of 
your Committee that the city suffers a great loss and the consumers 
have cause for complaint from their imperfect condition. Your Com- 
mittee would therefore recommend and suggest that Councils take such 
action that will enable the city to test the quality and value of the 
water gas purchased by supplying one district exclusively with it. 
This can be readily done; it will entail some expense, but the 
question of the gas supply to the city of Philadelphia is one of 
great importance, and the expense would be justified by the value 
of the information that would be gained. In determining what is 
the best supply for the rapidly increasing demand for gas, it can be 
readily seen this method of distribution would enable us to not only test 
the quality of the water gas at the points of consumption, the loss by 
condensation and leakage in comparison with coal or mixed gas, but 
also the profit accruing from its exclusive sale. Your Committee would 
further recommend that Councils give their immediate attention to the 
perfecting of the distribution system of the city by the introduction of 
new mains, which will provide for adequate pressure, by which the 
present evils resulting from insufficient pressure will be done away 
with. We also recommend that analysis be made at regular intervals 
of the gas manufactured at the different works of the city, and also 
from different sections of the city where it is distributed.” 





JupGe BRUBAKER has decided that the consolidation of the Lancaster 
(Pa.) Gas Light and Fuel Company with the local electric lighting 





































57° 


American Gas Light Journal. 





April 12, 1897. 








companies was performed and accomplished quite within the stipula- 
tions of the law. 





THE capital stock of the Queen City Gas Company, of Buffalo, N.Y., 
has been increased to $1,000,000. It is also said that the Company has 
purchased a plot of 6} acres fronting on Scajaquada creek, wherein it 
is proposed to erect a water gas plant up to a daily output of 3,000,000 
cubic feet. 








The Improved Fleuss Breathing Apparatus for Mine 
Exploration. 


—— 


In a paper by Mr. George H. Winstanley, before the Manchester 
(England) Geological Society, the author, in commenting on the mat- 
ter named in the heading, said : 

Every review of the history of coal mining brings before us the 
numerous and great advances which have been made in connection 
with colliery operations during the past hundred years. Improvements 
calculated to reduce the expense of working, improvements intended to 
secure the safety of those engaged, have been carefully planned out, 
and to a very great extent successfully adopted; but there is one di- 
rection, at least, in which little or no advance seems to have been made 
—viz., facilities for rescuing those whose lives are endangered when, 
in spite of all precautions, an accident has happened. This, of course, 
refers more especially to explosions of gas orcoal dust, which, although 
much less frequent than formerly, still is to be regretted, have from 
time to time to be recorded. 

A colliery may be provided with high class ventilating machinery ; 
the workings may be ventilated most systematically and scientifically ; 
safety lamps of the most improved type may be adopted ; carefully 
selected explosives, used in connection with the safest system of. firing, 
may be employed ; and still in spite of all these precautions we know 
only too well that that an explosion is by no means impossible. The 
improvements, however, seem to go no further, and, in the event of 
such a disaster, it would seem as if the facilities for rescue work were 
no greater than in the days of George Stephenson. 

To understand the use and application of the Fleuss apparatus, the 
following explanation given by the writer of the paper is sufficiently 
expressive without further supplementary description on our part. 

To follow the action of the Fleuss apparatus it will be necessary for 
a moment to consider briefly the operations of ordinary respiration. 
The necessary element in the atmosphere to support life is oxygen ; this 
gas is mixed with nitrogen, the latter merely acting as a dilutant, and 
in no way entering into the actual process of respiration. The air which 
is drawn into the lungs is enabled to act upon the blood and a process 
of combustion goes on, the oxygen combines with some of the carbon 
in the blood to form carbon dioxide, and this, <ogethe> with the nitro- 
gen, is exhaled into the atmosphere. It will thus be seen thatif a 
person were placed in a sealed chamber, he would by his breathing 
gradually use upall the oxygen, and at the same time charge the at- 
mosphere with a gradually increasing percentage of carbon dioxide. 
This would go on until the person became insensible and finally ex- 
pired. 

In order to permit healthy respiration, therefore, two things are es. 
sential. First, there must be some means of maintaining a supply of 
oxygen, and secondly, some means of removing the excess of carbon 
dioxide. How these are accomplished in nature it is not our present 
purpose to inquire ; in the Fleuss apparatus the necessary conditions 
are brought about in the manner now to be described. 

The original apparatus consisted of a mask to cover the face, a cop- 
per cylinder containing a supply of oxygen gas under pressure, a 
rubber bag worn in front and called the breathing bag, and the 
carbonic acid gas filter, together, of course, with the necessary tubes 
connecting the different parts and the straps for the purpose of carry- 
ing. 

The arrangement referred to above as the carbonic acid filter, in the 
original apparatus took the form of a rectangular box strapped to the 
back like a soldier’s knapsack. Internally the box was divided into 
vertical compartments, each filled with tow impregnated with caustic 
soda. Up and down these compartments the exhaled breath was made 
to pass, and in this way was freed from its carbon dioxide. Caustic 
soda has the property of actively combining with this gas forming car- 
bonate of soda. 

This arrangement was most unwieldy, in fact, quite useless in any 
but a mine where the roads were uniformly high, and where no small 
places had to be passed through. In the present form of the appliance, 
however, this cumbersome arrangement has been dispensed with en- 








tirely, and the caustic soda, in the form of sticks, is placed in the 
breathing bag. 

This is made in two forms, one simply covers the nose and mouth, ~ 
and would be generally used in mining work; the other also covers the 
eyes, and would be used in smoke or fumes injurious to the eyes. In 
both cases the mask fits closely to the face, and is provided with two 
corrugated rubber tubes, one being the tube for inspiration and the 
other for the exhaled breath. Each tube is provided with an excced- 
ingly simple valve which responds to the very feeblest efforts of breath- 
ing. 

The mask is connected with the breathing bag by means of the corru- 
gated tubes referred to above, the bag is of good rubber, and is worn in 
front, occupying very little space. Internally the bag is divided into 
two compartments, into each of which a quantity of stick caustic soda 
is placed (2 pounds) when the apparatus is to be used. 

It is in connection with this porticn of the appliance that the writer 
has attempted to make further improvements, by reducing the weight 
and bulk of the apparatus as well as increasing its utility as a |life- 
saving appliance. The oxygen cylinder supplied with the set of appar 
atus by Messrs. Siebe, Gorman & Company, the eminent firm of sub- 
marine engineers, who are the sole makers of the apparatus, is made of 
copper. The writer believes that copper was chosen in the first instance 
because, when the apparatus was first brought out, steel cylinders for 
compressed gases were unknown. Copper also is the favorite metal of 
submarine engineers, being able to withstand the corrosive action of sea 
water so much better than steel, and possibly this may to some extent 
explain why copper is still used. The copper cylinder exhibited meas- 
ures 6 inches in diameter and 15 inches long over all; charged with gas 
and including the carrying straps, its weight is over 20 pounds, and at 
a pressure of about 400 pounds to the square inch it contains oxygen 
equal to about 4 cubic feet, a quantity sufficient to last for three or four 
hours’ breathing. 

The total weight of the apparatus with the copper cylinder al! ready 
for use is 30 pounds, and the cost is about $65 pcr complete set. 

To use the apparatus the cylinder is first strapped to the back by 
means of the belt and shoulder straps, next the bag is placed in position 
in front, it already having been charged with 4 pounds of caustic soda. 

The small rubber tube from the valve of the oxygen cylinder is con- 
nected with the corrugated inspiration tube, both the corrugated tubes 
are connected to the mask and to the bag, and the mask slung round 
the neck in readiness to be adjusted. The person then enters the mine 
and advances until the atmosphere shows signs of being impure, when 
he adjusts the mask, at the same time turning the oxygen valve to ad- 
mit oxygen to the bag ; this valve is closed again so soon as the bag is 
sufficiently distended. Breathing then proceeds naturally, the air is 
drawn into the lungs, the oxygen converted into carbonie acid, which 
is exhaled into the bag together with the unaltered nitrogen. The car- 
bonic acid coming in contact with the caustic soda is absorbed by it, and 
in this way the breathing continues until the bag begins to show signs 
of getting ‘‘ flabby” from loss of oxygen ; more of the latter is then ad- 
mitted, this being necessary about once every 10 minutes. The oxygen 
is not admitted in a continuous stream, but intermittently, the idea be- 
ing to keep the bag distended between a certain minimum and maxi- 
mum, when the proportion of oxygen present will be such as to prop- 
erly sustain breathing. It perhaps ought to be remarked at this point 
that the atmosphere which the person breathes consists of oxygen and 
nitrogen, in which the former is always slightly in excess of the pro- 
portion which is present in the normal atmosphere, and its proportion 
is not constant, but varies. When first oxygen is admitted, and the 
bag distended to the maximum extent, the percentage of oxygen 
breathed is above that in the normal atmosphere, and this gradually di- 
minishes until the proportion is just above normal, when more oxygen 
is admitted. The breathing of this slightly excess quantity of oxygen 
is not harmful or dangerous. 








The Jacques Carbon Generator. 
scala 

The Journal of the Franklin Institute notes that sinée the publication 
of the experiments of Dr. Jacques with an apparatus for generating 
energy directly from coal, the technical journals have devoted much 
space to the discussion of the merits of his work. The strongest ad- 
verse criticisms that have been made in relation thereto have originat: d 
with Mr. C. J. Reed, who has challenged the correctness of the author's 
explanations as to the origin of the energy developed in the Jacques 
apparatus, and who has, we think, successfully demonstrated that the 


(Continued on page 571.) 
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(Continued from page 570.) 
phenomena observed are thermo electric (de 
riving their source from the fuel consumed 
in maintaining the apparatus in action), and 
not electrolytic. 

In a recent article published in Harper's Dr. 
Jacques makes an interesting exposition of the 
subject from his standpoint. He announces 
certain convictions, of which we give an ab- 
stract in what follows : 

The first is that the electric current was due 
to the chemical combination of the oxygen of 
the air with the coke (carbon). Quantitative 
tests showed that oxygen was taken from the 
air; that the carbon was consumed ; that car- 
bonice acid was formed. At the same time the 
electromotive force obtained agreed almost 
exactly with that theoretically obtainable from 
the combination of oxygen and carbon to form 
carbonic acid (1.04 volts). That the phenome- 
non was not due to the thermo-electric action 
was proved by the fact that when the whole 
apparatus was so inclosed that all parts were 
kept of uniform temperature the maximum 
electromotive force and current were obtained 
Some experiments with larger apparatus have 
confirmed these results, and have shown that 
under proper conditions the electrical energy 
obtainable from one of these generators is sub- 
stantially equal to the potential energy of the 
weight of carbon consumed within the pot. 

So far, only relatively small carbon electric 
generators have been built, and the author 
points out that with this generator, as with the 
steam engine, increased size means increased 
efficiency per pound of coal. Some results of 
a test (made by experts not connected with the 
development of the invention) upon a small 
and comparatively crude 2-horse power carbon 
electric generator that has been in occasional 





use for some six months, are as follows: Aver- 
age electrical horse power developed, 2.16 horse 
power ; average electrical horse power used by 
air pump, 0.11-horse power ; average net elec- 
trical horse power developed, 2.05-horse power; 
carbon consumed in pots per electrical horse 
power hour was 0 223 pound ; coal consumed 
on grate per electrical horse power hour was 
0.336 pound ; total fuel consumed per elec 
trical horse power hour, 0.559 pound. The 
electricity obtained from 1 pound of coal (of 
which 0.4 pound was consumed in the pots and 
0.6 pound was burned on the grate) was 1,339 
watt hours, or 32 per cent. of that theoretically 
obtainable. 

These figures, it is claimed, show that the ef- 


ficiency of this particular generator was 12}, 


times greater than that of the average electric 
light and power plant in use in this country, 
and 40 times greater than plants of correspond- 
ing size. There are, the author says, many de- 
tails still to be worked out, and many improve- 
ments yet to be made, before the carbon electric 
generator can be put into general commercial 
use On a scale comparable with that of modern 
steam engines. 





The Market for Gas Securities. 








The market for city gas sliares last week was 
active, and the trading in all the Companies’ 
shares was done at very much higher figures 
than those reported for some time back. A 
record was made in New York and East River 
common, which is said to have sold at 57, and 
our quotation for it to-day is 56 to 57. The 
preferred, too, sold up to 93, and it is said by 
those in the know that the stock is close to ap- 
pearing regularly on the dividend paying list. 
Mutual is 240 bid, Equitable is 208 bid, and 
Standards are steady and strong. Consolidated 
sold up to 1614, and opened to day (Friday) at 
161 to 162. The passage by the Senate of the 
bill to grade the rate in New York for 5 years 
on a 5 cent. yearly reduction, and by sodecided 
a vote, accounts no doubt for the courage 
shown by investors in taking upcity gas shares 
at the advancing figures. While there is little 
doubt that the bill will pass the Assembly, in- 
vestors should remember that Mayor Strong 
will be called on to either approve or disap- 
prove the measure, and our idea is that he will 
veto it. It all then depends on whether or not 
there will be sufficient time between such pos- 
sible rejection and the adjournment of the 
Legislature to re-enact it. There will, how- 
ever, likely be time enough to re-pass it, and in 
our belief city gas shares are cheap at present 
figures, rigi.t on their merits. 

Brooklyn-Union gas scored an advance of 10 
points for the week, the opening to-day having 
been made at 106 to 107. The bonds are 111 
bid. Chicago gas suld up to 81} this morning, 
and is likely to go higher. Consumers gas, of 
Jersey City, has advanced to 75 bid, and thie 
bonds are 101 to 103. Bay State gas is 9% to 94, 
and it is very cheap at those figures. Columbus 
(O.) gas moved up quite sharply, and it is quite 
in the possibilities that much higher figures 
over it will be made before long. Our output 
figures, which have almost uniformly shown 
losses for February and March, 1897, as against 
February and March, 1896, are beginning to 
show a return to normal conditions. The first 
five days of April, against the first five days of 
the same month a year ago, showing a gain for 
the former. The returns referred to cover 12 
points that can safely be taken to indicate 
fairly the general state of trade. 





Gas Stocks. 





Quotations by Cochran & Close, Brokers and 


Dealers in Gas Stocks, 
35 Wau Sr.. New Yorx Crry. 


Apri 12. 


> All communications will receive particular attention. 
2 The following quotations are based on the par value 


of $100 per share. 
N. Y. City Companies. Capital. 


Consolidated......iceccseess $35,430,000 
CUE dn taccwiicccdgunes cis 500,000 
OO) EE tonvcezaseoanae 220,000 
BNR, ccc cccceccceccsce 4,000,000 
Bonde, OG... ccccccadiose 1,000,000 

“ ist Con. 5’s....... 2,300,000 
Metropolitan Bonds ....... 658,000 
Mutwal..cecccccovcccssecess 8,500,000 
© Pe aiesic cd detects 1,500,000 
Municipal Bonds............ 750,000 
ONIN osndsicecscdacssscs 150,000 
- [ee 150,000 
New York and East River.. 5,000,000 
Preferred .....cccocscces 2,000,000 
Bonds Ist 5’s.........++ 3,500,000 

* BG: PE. dccase 1,500,000 
Richmond Co., 8. I......... 348,650 
= Bonds....... 100,000 
CeamdarGss.ceccascccescscsse 5,000,000 


Preferred..... eovesceses 5,000,000 
Bonds, ist Mortgage, 5°s 1,500,000 
WORD « ccoccccvecscccceses 209,650 
Out-of-Town Companies. 
Brooklyn Union .......+++++ 15,000,000 
~ * Bonds (5’s) 15 000,000 
Bay Stabe. .ccccscccocsecse 15,000,000 
ras Income Bonds..... 2,000,000 
Boston United Gas Co.—- 
1s Series 8. F. Trust.... 7,000,000 
eS ..= ™ * .... 8,000,000 
Buffalo Mutual............. 750,000 
= Bonds....... 200,000 
Central, San Francisco..... 2,000,000 
Chicago Gas Co.,.........++. 25,000,000 
Chicago Gas Lt. & Coke Co. 
Guaranteed Gold Bonds. 7,650,000 
COMTI i pcniiccsicesics<«e 1,069,000 
ist Mortgage............ 1,085,000 
Consumers, Jersey City.... 2,000,000 
ss Bonds....cscece 600,000 
Cincinnati G. & C. Co....... 8,500,000 
Consumers, Toronto........ 1,600,000 
Capital, Sacramento........ 500,000 
Bonds (6's)..,........-. 150,000 
Consolidated, Baltimore.... 1,000,000 
Mortgage, 6’s........... 3,600,000 
Chesapeake, ist 6’s..... 1,000,000 
Equitable, ist 6's. ...... 910,000 
Consolidated, Ist 5’s.... 1,490,000 
MID ns hens ddenisceedecs 4,000,000 
7" Gino ceccs 4,312,000 
Equitable Gas & Fuel Co., 
Chicago, Bonds........... 2,000,000 
ND POD sdicbeneceseceras 2,000,000 
x } ee 2,000,000 
MG ONE, onc ictsidedancteces 750,000 
IOs écd..cccctcates 2,000,000 
_ Bonds, 6’s...... 2,650,000 
SO CO hccccdncccvecies 750,000 
Lafayette Gas Co., Ind..... 1,000,000 
Bonds .cccccce coccecese + 1,000,000 
RTI sc cnccnkes- exceed 2,570,000 
Laclede, St. Louis .......... 7,500,000 
cides. cg. ccacns 2,500,000 
Bonds ........++ occcsece 9,084,400 
Little Falls, N. Y........... 50,000 
ORB 6 siese set tisecsiwes 25,000 
Montreal, Canada .......... 2,000,000 
Newark,N. J.,GasCo....... 1,000,000 
Oy EO Scccacenctsiixe 4,000,000 
TONE TI nkcacacccccenes 1,000,000 
Oakland, Cal..........cccses 2,000,000 
© Bonds. .......++ 750,000 
Peoples Gas Lt. & Coke Co., 
Chicago, 1st Mortgage....  20,100,00 
2d * -... 2,500,000 
Peoples, Jersey City...... ee 500,000 
Rochester Gas & Elec. Co.. 2,150,000 
Preferred..... .ccecesees 2,150,000 
Consolidated 5's ........ 2,000,000 
San Francisco, Cal. ........ 10,000,000 





Par. 


100 
50 


100 
1,000 
1,000 


100 
1,000 
50 
1,000 
100 
100 
1,000 


1,000 
100 
100 

1,000 


100 
1,000 


1,000 


1,000 
1,000 

100 
1,000 


1,000 


100 
1,000 
100 


1,000 
100 


1,000 
1,000 


100 
100 


Sex’: : 


Bid. Asked. 
161 162 
195 
10) Ot 
208 210 
105 
mm. 
108 = 112 
100 102 
85 
et 
56 OO 
914 98 
107 10% 
100 100% 
eae 
88 690 
iit 3 
1g 113% 
130 
106% 107 
ee 
36 % 
ee 
ae 
70 «72 
a 
9% 100 
a 
81% 82 
4% 94% 
2 867% 
3 
a) 
101 108 
202 208 
184% 187 
tng 
59% 8 
107 «—«:107% 
724 74 
cx 
81 
92 938 
— 
130 185 
105% 10714 
ee 
S| 87 
2 9% 
2° B 
73 © 78 
9514 9614 
.. 100 
100 
ae 
9% 98 
ee 
os . 
54 
lo 
104 105 
.. 
88 
87% 
97% 
79 
84 
88 
aid 
64 
180° 
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DIVIDEND NOTICE. 








OFFICE OF THE UNITED Gas IMPROVEMENT Co., 
Drexe. Buiipine, Puiia., March 25, 1897. ¢ 
The Directors have this day declared a quarterly dividend 
of 2 per cent. ($1 per share), payable on April 15, 1897, to 
stockholders of record at the close of business March 3! 
Checks will be mailed. 
1158-3 


EDWARD C. LEE, Treas. 








Situation Desired 


As Cashier, Asst. Supt. (or as Supt. of Small Gas or Water 
Works), or Bookkeeper for a Coal or Water Gas Plant. Has 
had seven years’ experience as Sec. and Treas, of Water Gas 
and Electric Light Plant combined. Is familiar with read- 
ing both water and gas meters. Address 

1139-4 “F.,” care this Journal. 





MANACER. 


A man wants a position to manage a gas property. 


1182-5 **U.G.1.,” care this Journal. 





INCANDESCENT GAS LIGHTING. 


An expert Chemist, formerly with the first European Wels- 
bach Incandescent Gas Light Company, desires a position as 
Superintending Chemist or Manager of a Chemical Estab- 


lishment. Specialty, analysis of rare earths and general 
analysis. Address DR. SIMONINI, 
39-2 363 W. 32d St., New York City. 














Position Desired 


As Superintendent of Gas Works or 
Gas and Electric Light Works, 
By a man 34 years of age. 


manufacture and distribution of Coal Gas as 
years in the Electric line. Thoroughly competent to take 


Sixteen years’ oe. Ld 
upt., and four 


charge of any plant. separately or combines. 
mechanic, and understands the erection of 

| teeny rtaining to the business.. Not afrai 

me no object unti ) sonny is proven. 
Address ‘‘ M. E. J.,’ 


A practical 
lants and 
of work. 

Rest of references. 
* care this Journal. 


WAN THD, 
An All-Round Man 


to take charge of Manufacturing and Distribution of a Small 
Coal Gas Plant. Must be practical, sober, industrious and 
willing to work. Address, giving references, experience 
and salary expected, THE MERIDIAN GAS LIGHT CoO., 
1140-tf Meridian, Miss. 


WANTED, 


One 10-Inch and One 12-Inch Street 
Main Governor, 
State make, condition and price. 
JACKSON GAS COMPANY, 
Jackson, Mich. 
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The P. H. & F. M, Roots Co., Connersville, Ind.......... 577 
Isbell-Porter Co., New York City............cceccesseeees 590 
The Western Gas Construction Co., Fort Wayne, Ind..., 5#2 
ELECTRICAL APPARATUS. 
Wm. Henry White, New York City ..............008 coves BOL 
GAS ENGINES. 
Otto Gas Engine Wonks, Phila., Pa.............. sevecsens OB 
The American Gas Engine Co., Phila., Pa ............... 587 
Backus Water Motor Co., Newark, N. J.......... kode pes 578 
ENGINES AND BOILERS. 

The Hazelton Boiler Company, New York City.......... 573 
W. G. & G. Greenfield, East Newark, N. J............+++ 578 
PURIFIER SCREENS. 

John Cabot, New York City..... eieveverecdcsdeesceqtsete OE 
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FOR SALE. 


On account of changing location of our works and purchase 
of larger holder, we have for sale a Single-lift Gasholder, 
sw x 20 feet, capacity 100,000 cubic feet. Complete and as 
good as new. Now in brick tank. Built by Stacey Mfg. Co 
in 1889. Holder has cup on bottom for telescoping, and 
guide framing is arranged and punched for additional sec- 
tion. Can be taken down and re-erected in brick or steel 
tank, as may be desired. Will be sold cheap. 

THE AKRON GAS COMPANY, 

Akron, Ohio. 


FOR SALE. 


Hydraulic, Dip, Branch and Ascension Pipes, 


1129-146 





Mouthpieces and Lids, for four Benches of 5's} - 


and for one Bench of 8 retorts. 

Two Coolers, or Air Condensers, each of 150 000 
cubic feet capacity. 

hy a Condenser, + hell, 36 in. diameter, with 
=< bo ME. 6 in. long 1 ‘8 

D-S aped ar xeracten, 8 t. lon t. 6 in. dee 

Scrubber, 48 in. diameter, 11ft. 9in. high. ‘Three man- 
holes, 11 in. by 15 in. 

S-inch Center Seal. Four Purifiers, 8 ft. x 6 ft. 

KEY CITY GAS Co., 

1119-tf Dubuque, Iowa. 


TD, EE 


FOR SALE, 


One 8-Foot Station Meter, with 12- 
~ Inch Connections, 





In good order and in use. Address 


1127-t£ NEW HAVEN (CONN.) GAS LIGHT CO. 





For Sale. 


A Small Gas and Electric Light Plant, 


in a Soutkern city of 3,800 inhabitants. 


Address FORT WAYNE ELECTRIC CORPORATION, ™ 
1097-t£ Fort Wayne, Ind. 


GAS COMPANY SECURITIES 


A SPECIALTY. 
Brook! 


Co ambe 
Consolidated of New Jersey, 
Detroit, 
Madison, 
Milwaukee. 
o— ov Vor 
te 





wist. Pt Paul. 


CUSTAVUS MAAS, 
veep Certeae, 20 Broad St., N. Y. 


MAROUAND & PARMLY, 


160 Broadway, New York. 











Members New York Stock 
Exchange. 


J.C. git toner 


Manfr. of = 








successor to 
9 NICHOLLS & GRANGER 






B env cas 

GAS r 
Bt "> Pact Dn ntl 
Gassan UBII Speaking ‘Tubing. 


Best sf Qualtiy. — levator Tubing. 
582 to 588 Hudson Street, New York City, 





SRIsTOL's . 
RECORDING 


PRESSURE 
GAUGE. 


For continuous 
records of 







Street 
J Gas Pressure 
Simple in Con- 
m, Accur 
ate in Operation 
Low in Price. 
Fully Guaranteed. Send 
for Circulars. 


The Bristol Go., 


Waterbury, Conn. 











GUARANTEED SUPERIOR IN EVERY WAY. 
BUILT ON HONOR. 


§ Chicago Water ates = Fan Co., = eens St., Chicago. 
Agts. 1 Michell & Co., - Congress S t, Boston, M 


ass. 
Home Office, Backus ie Motor Co., eis N. J. 
Send for Catalogue. 


THEO. CLOUCH, 


(Established 1870.) 
SOLE MANUFACTURER OF THE 


i» Maxim Clugihiustable as Burners 


E.H Nickel Tips for 
Water Cas a Speciality. 


THEO. CLOUGH, - - Dobbs Ferry, N. Y. 





Patent Lava Gas Tips. 
UNIFORMITY tf 

i GUARANTEED. 
STEWARD » MFG. 
CHATTANOOCA, TENN. 





-—7 

— 

= 
D 


. 





Our Mica Chimneys 
7 For Welsbach Lights 


BEST IN THE WORLD. 


Get Catalog 
and Discounts. 


aoe 


The MICA MFG. CO 


Micasmiths, 











2 PIECE 
MICA CHIMNEY. 





| 
| 


88 Fulton Street, 
N. Y. City. 


Etched Chimneys to 
Order. 








The Pioneer Vertical Water-Tube Boiler of the World! 





THE HAZELTON OR PORCUPINE BOILER. 





Tele., “ 





After Sixteen Years of Active Service in all the Principal Industries, 
this Boiler has Proven Itself Superior to all Others in Economy of 
Fuel, Durability, Safety and General Efficiency. 

NO EXPLOSIONS OR ACCIDENTS OF ANY K:ND. 


Correspondence Solicited, 


The HAZELTON BOILER GOMPANRY, 


Sole Proprietors and Manufacturers, 


Cable Address, ‘‘Paila,"* New York. 
12z9-18th St.,”" New York. 


Gen'l Office, 716 E. 13th St, N.Y., USA. - 

















CREEN FIELD 


Steam Engine Works. 


Established 1874. 
MANUFACTURERS OF 


Greenfield Stationary, Portable and Yacht 
ENGINES AND BOILERS. 


Also Horizontal, 
Sizes from 3 to 75 Horse Power. 


Also Vertical and Horizontal and Marine Boilers. 
Steam Pumps and Adams’ Crate Bars. 


D wc. & 6. GREENFIELD, 


Automatic and Variable Cut-off Engines. 


EAST NEWARK, N. J. 
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Special Trays for Iron Sponge or Oxide of Iron, 
CHURCH'S TRAYS a Specialty. G. W. HUN T CGOMPAN Y. 
ae [in| COKE CARS for Gas Works, 
TIP CARS for Carrying Ashes, 
CHARGING CARS for Bringing Coal 


from the Storage Bins to Boiler 
Room and Retort Houses. 


INDUSTRIAL RAILWAYS 


|Specially designed for handling materia! 
in and around 


Gas Works, Coal Yards, Factories, Etc., Etc. 
45 Broadway, N. Y. Gity. 











Reversible, Strongest, Most Durable, Most Easily Repaired. 
\ Wy QW) 


A 


wy 
Wis AWN ay. 


553-557 West Suaeey waked Street, New York, 
We also make the Cheapest and Strongest 
REVERSIBLE BOLTED TRAYS IN THE MARKET. 
Send for Circulars. 

















A CONVENIENT ec 


BINDER for the JOURNAL) HUGHES’ “GAS WORKS,” 


STRONG. 
DURABLE. Their Construction and Arrangement, 

LIGHT. 

SIMPLE And the Manufacture and Distribution of Coal Gas. 
CHEAP, 


wanpsome. | Originally written by SAMUEL HUGHES, C.E. 
aa Rewritten and Much Enlarged by WILLIAM RICHARDS, C.E. 


A.M. Callender Eighth Edition, Revised, with Notices of Recent Improvements. Price, $1.65. 





x.v.cur.|& M. CALLENDER & CO., No. 32 Pine Street, N. Y. City. 














Cox’s Gas Flow Computer. 


1. It gives at a glance the discharge of gas from pipes 1 to 48 inches in diameter and 10 to 10,000 
yds. long, for any pressure from 0.01 to 10.0 inches of water, and any specific gravity from 0.40 to 1.00. 

2. When the required discharge and the length of pipe are given, the diameter corresponding to 
any pressure is at once seen. 

3. When the required discharge and the length of pipe are given, the pressure corresponding to 
any diameter is at once found. 

4. Any suitable combination of the different factors of any problem, under all possible condi- 
tions, may be immediately found. 


















A COX’ 
a CAS-FLOWS 
COMPUTER, 
= < 
e 


Copyrsghlisvebdy 
Counts voen 















It Prevents Errors and Saves Hours of Tiresome Calculations. 
Price, $5.00, per Registered Mail. 
For sale by 


A. M. CALLENDER & CO., 332 Pine St., N. Y. City. 




















PRACTICAL HANDBOOK ON 


m GAS ENGINES — 


With Instructions for Care and Working of the Same. 
By G. LIECKFELD, C.E. 
Translated with Permission of the author by GEO. M. RICHMOND, M.E 


Frice, $1.00. 


re M. CALLENDER & CO., 32 Pine Street, New York. 





Sk Sietnereae abe pdaetes steams waded ro penny nants pe eaencaeengemeentamaemareeses aeretemerecotaent te . 
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Just the thing for these Hard Times. Will cook for 
a large family. Write for catalogue and discounts. 
A full line of all kinds of Gas Stoves and Ranges. 








CUR ney 
5 AREKINE 2 ae 
GAS STOVES &RA 


Fe 


ies . ¥a rm ‘ Ma ig la 
Fe DEST I Tut l WORT, 











A. WEISKITTEL & SON, | NEW YORK BRANCH: | NEW ENCLAND ACENCY: 
Factory: BALTIMORE, MD. | 1387 BROADWAY, N.Y.| WALDO BROS., Boston, Mass. 








atent Cutter 


THE ANDERSON po Link For Cutting Cast, Wrought Ba BEHREN D, 


Made in all sizes, ee so) ie Iron, Gas & Water Pipes. | SOLE IMPORTER OF THE CELEBRATED 


WM. ANDERSON, — German (Stettin-Didier) Clay Gas Retorts, 


FMEA 425 Meridian Street, 
; “viasr Bosco, Mass,.or| BLOCKS, TILES, FIREBRICKS, FIRE CEMENT, 


WALDO BROS., Stettin ‘“‘Anchor” & “‘Eagle’ Brand Portland Cement 
a a | 10 & 12 Old Slip New York. 















aan nS TPM in ne naata ation ceo haan 


crratesr IWPROVEMENT IN GAS LIGHTING 


Has been made by 


WILDER’S VOLUMETRIC GOVERNORS. 


They control the pressure at the burner, and deliver the quantity for which they are set regardless of high 
or low pressure in the supply. 
WELSBACH LIGHTS are fully controlled, and the governors soon pay for themselves by preventing the breaking of 
manties and chimneys. Th de are already in use. ers may be given to the Weisbach Co., or sent to ourselves. 


THE WILDER MANFG. CO., ° - 818 Cherry St., PHILADELPHIA. 
00000000 00090008200800000000000000 000000000000 00000000000000008000808 


RITER & CONLEY, PITTSBURGH, PA: 


GASHOLDERS, with or without Steel Tanks. 


Purifiers, Condensers, Scrubbers, Oil Tanks, Smoke Stacks. 


STEEL ROOFS and BUILDINGS. 
PLATE AND STRUCTURAL WORK OF EVERY DESCRIPTION. 
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AMERICAN GAS COMPANY 


Owns, Operates, Buys and Leases Gas Works. 








Undertakes all Kinds of Construction Work, Especially for the Manufacture of Gas from Caking Coal, 





HASTERN AGENTS FOR 
FRED. BREDEL’S SYSTEM P. H. & F. M. ROOTS GO.’S __ 
GOAL GAS PLANTS AND GAS APPARATUS. Exhausters, Blowers, etc. 





Recuperative Furnaces, Washers, Condensers, Purifiers and Purifyir¢ 
Machines, Ammonia Plant, Coke Conveyers, etc, 


APPARATUS BY WHICH COAL CAS CAN BE BROUCHT UP TO 22 or 24 CANDLE POWER, MAKING 
A WHITE LICHT THAT WILL BURN WITHOUT SMOKINC. 





222 South Third Street, Philadelphia, Pa. 





GEORGE G. RAMSDELL, General Manager. Correspondence Solicited 


FRED. BREDEL, C.E. 


Goal and Water Gas Plants, 


OWN SYSTEM. 











Recuperative Furnaces, Washers, Condensers, 
Purifiers, Purifying Machines. 





Gas Enriching Plants to Enrich Coal Gas up to 24 Candle Power, and Making 
a White, Bright, Non-smoking Gas. 


COMPLETE GAS WORKS, COKE CONVEYERS, ETC. 






NTo. 118 F'arwvell Avenue, - Milwaukee, W 1s. 


Eastern Agents: AMERICAN GAS C0., Construction Department, 222 So. 3d St., Phila., Pa. 
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P. H. & F. M. ROOTS Co. 


Beg to announce they have completed arrangements by which the 


AMERICAN GAS COMPANY, 


222 SOUTH THIRD STREET, - PHILADELPHIA, PA.,, 








Become their Eastern Agents, and will have exclusive control of the territory, embracing New York, New 
Jersey, Pennsylvania and New England, for the sale of Exhausters and kindred machinery. The New York 
Office will be continued for the sale of the Roors’ Brower. 





New Design This Design 
of is Used 
Direct for all 
Connected Exhausters 
Engine from 
and No. 7 
Exhauster to 
on Same No. 10, 
Bedplate. inclusive. 














Write for Illustrated Catalogue. 


Estimates submitted on application. 





P. H. & F. M. ROOTS CO. 


Connersville. Indiana. 





New York Office, 109 Liberty Street. J. B. STEWART. Manager 
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lron Building For Sale. 


Width, 155 feet (divided into center span of 66 feet, 
with a wing on each side 43 feet 6 inches). Total 
length of Building, 350 feet. Designed for an Iron 
-Foundry, but, owing to the failure of purchaser, is 
now offered for sale at a bargain. Is adapted for a 
Foundry, Machine Shop, and, with very slight changes, 
for a Car Barn. Ironwork is as good as new, building 
never having been used. Will sell at a bargain. 
Apply to the 


BERLIN IRON BRIDGE CO., 
EAST BERLIN, CONN. 














acex. C. HumPHRErsS, M.E., ArTuuR G. @Lasaow, M.E., 
VARHATTAN LIFE BUILDING, CaBLe ADDRESS, . 9 McToRiIA ST., 
(64 sroapwar,) LONDON & NEW YORK, LONDON, SB. w.- 
MEW YORK. *“HUMGLAS."* ENGLAND. 


HUMPHREYS &€ GLASGOW, 


CONTRACTING AND CONSULTING 


GAS ENGINEERS. 





WATER GAS PLANT A SPECIALTY. 
GAS PROPERTIES EXAMINED AND VALUED. 
ADVICE AS TO IMPROVEMENT OF GAS PROPERTIES AND MANAGEMENT. 








THE MANAGEMENT OF SMALL GAS WORKS. 


By C. J. R. HUMPHREYS. 


Frice $1. 


4. M. CALLENDER & CO., No, 32 Pine Street New York. 
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(Copyrighted, 1894, by the AMERICAN METER Co. 


AMERICAN METER CO. 


ESTABLISHED 1834. INCORPORATED 1868. 


NEW YORK AND PHILADELPHIA, 
CHICAGO, ST. LOUIS, 


SAN FRANCISCO. 


PUBLIC LIGHTING TABLE. 








APRIL, 1897. 





Table No. 2. 









































6 Table No. 1. NEW YORK 

is FOLLOWING THE CITY. 

fe MOON. Aut Nieut 

ry } LIGHTING. 

< | a pe iris AB 

A s Light. | Pastnagntet , Light. 7 
: | : | PM. | A.M. 
Thu. | 1} 6.50%) 4.50 aml! 6.10 | 4.55 
Fri. | 2} 6.50 | 4.50 ° || 6.15} 4.40 
Sat. | 3)650 | 4.50 |! 6.15| 4.40 
Sun. | 4) 7.00 | 4.30 6.15 | 4.40 
Mon.| 5| 7.00 | 430 || 6.15) 4.40 
Tue. | 610.20 | 4.30 || 6.15 | 4.40 
Wed.| 7/1110 | 430 || 6.15) 4.40 
Thu. | 8/12.00 am) 4.30 — || 6.15 | 4.40 
Fri. | 9)12.40 FC) 4.30 — || 6.25 | 4.30 
Sat. 10} 1.20 4.30 || 6.25 | 4.30 
Sun. /11} 1.50 4.20 | 6.25 | 4.30 
Mon. |12)} 2.10 4.20 | 6.25 | 4.3 
Tue. |13} 2.40 4.20 6.25 | 4.30 
Wed. /14] 3.10 | 4.20 11 6.25/ 4.3 
Thu. |L5|\NoL. [No L. 6.25 | 4.30 
Fri. |16'No L.ru\No L. 6.30 | 4.20 
Sat. |17|INoL. |INoL. 6.30 | 4.20 
Sun. |18] 7.20 pm/10.00 pm|| 6.30 | 4.20 
Mon. |19! 7.20 {11.20 | 6.30 | 4.20 
Tue. }20| 7.20  /|12.30 am!) 6.30 | 4.20 
Wed. |21| 7.20 1.20 |! €.20] 4.20 
Thu, |22] 7.20 2.10 | 6.30 | 4.20 
Fri. |23] 7.20 Le! 2.40 16.40; 4.10 
Sat. [24] 7.20 3.10 6.40 | 4.10 
Sun. |25] 7.20 3.30 6.40 | 4.10 
Mon. |26| 7.20 3.50 6.40 | 4.10 
Tue. |27| 7.20 4.00 6.40 | 4.10 
Wed. |28| 7.20 | 4.00 6.40 | 4.10 
Thu. |29| 7.20 4.00 6.40 | 4.10 
Fri. |30] 7.20 | 4.00 | 6.45 | 4.00 


TOTAL HOURS LIGHTING 
DURING 1897. 








By Table No. 1. By Table No. 2. 
Hrs.Min. Hrs.Min. 
January ... . 233.00 | January. ...423.20 
February. ..187.20 | February. ..355.25 
*March.....202.00 | March... ..355.35 
April.......170.40 | April......298.50 


_ Ae 163.00 | May .......264.50 
June ...... 140.40 | June...... 234.25 
A eee 151.40 | July.......243.45 
August ... 167.30 | August .... 280.25 


September..174.40 | September. .321.15 
October... .200.00 | October .. ..374.30 
November... 205.20 | November ..401.40 
December. .220.10 | December. . 433.45 











Total, yr. .2216.00 | Total, yr...3987.45 
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To Whom It May Concern. 


P 2 92> ae i 
- ERS 








WE have learned that the makers of the “Sunlight” lamp 
assert that there has been a decision in the English Courts 
which saves them and their customers from liability as infringers 
of the Welsbach patents. 





We assure the public there is no decision of any Court, in 
England or elsewhere, that directly or indirectly warrants the 
statement or inference that the lamp sold by the Sunlight Incan- 
descent Gas Lamp Company of America is not an infringement 
of the Welsbach Light as made under the American patents, of 


which the Welsbach Light Company is sole and exclusive owner. 


NOTICE is hereby given to all PURCHASERS and USERS 
of the so-called “Sunlight” lamp that suits will be brought 
against them for DAMAGES for INFRINGEMENT of the Letters 
Patent of the Welsbach Light Company, and will be prosecuted 





vigorously. 


WELSBACH LIGHT COMPANY. 
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4 THE UNITED 
GAS IMPROVEMENT CO. 


DREXEL BUILDING, PHILA., PA. 























Inquiries from any part of the United States 
should be addressed to the Philadelphia Office. 





BUILDERS OF 








Standard ‘‘ Double Superheater”’ Lcwe Apparatus, designed for the use of Naphtha, Crude Wii, or “‘ Distiliates.” 


BUILDERS, LESSEES AND PURCHASERS OF GAS WORKS. 


Water Gas Plants, either independent or auxiliary to Coal Gas Works, erected to 
meet any conditions. Apparatus designed to use any grade of Oil, 
and Anthracite Coal, or Gas House or Oven Coke. 











PAMPHLETS, PLANS AND ESTIMATES FURNISHED UPON APPLICATION. 
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THE WESTERN GAS CONSTRUCTION CO, 


Fort Wayne, Ind. 
ENCINEERS AND BUILDERS OF CAS WORKS. 


The Improved Lowe Water Gas Apparatus. 



























































pha 


Improved Double Superheater Lowe Water Gas Apparatus, for use of Crude Oil, Distillates, or Naphtha and Gas House or Oven Cokes, or Anthracite Coals. Results are Guaranteed. 


Also, Coal Gas Apparatus, Bench Castings, Purifiers, etc., etc. 


GAS STOP VALVES, Especially for Gas Purposes. 
NEW YORK OFFICE, 32 Pine Street, - - - - WM. HENRY WHITE, €£ner. 


— NEW YORK MARINE PAINT CO. 
LUDLOW VALVE MFG. (0, Stccessors to TRACY & HADDEN. ” 


MANUFACTURERS OF at S ——— a 
VALVES, ei+/% 
ie soe ea 


Double and Single Gate, 4 in. to 72 in., outside and | 
inside Screws. Indicator, etc., for Gas, — 
Water, Steam, Oil and Ammonia. MANUFACTURI ERS Of _ 


__—— 
— 
lO 


PAINT "" Holders 


And all Ironwork about Gas Works. 
POU CHE BE Psis, N. WY. 


CHAPMAN VALVE MANUFACTURING CO,, 


MANUFACTURERS OF 


Valves and Gates for Gas, Ammonia, Water, Ei. 


Also, Cate Fire Hydrants with and without Independent 
Nozzle Valve. All Work Cuaranteed. 


Works & Gen’! Office, Indian Orchard, Mass. Treasurer's Office, 72 Kilby &112 Milk Sts., Boston, Mass. 
Chicago Office, 24 West Lake St. New York Office, 28 Flatt St. 
St. Louis Office, L M. Rumsey Mfg. Co., 810 North Second St. 























SEND FOR CIRCULAR 
SEND FOR CIRCULAR. 








ALSO. 


Hydraulic Main Dip Regulators, Check Yalves,|  GASHOLDER TANKS AND © |The Gas Engineer’s 
Foot Valves, Yard Wash and Fire Hydrants, |GAS WORKS MASONRY COMPLETE) “aboratory Handbook. 


Plans prepared and Estimates furnished at short notice. By JOHN HORNBY, F.LC. 
OFFICE AND WORKS: 


Pri 50. 
938 to 954 River St., & 67 to 83 Vall Av. J. P. WHITTIER, bony ORE 
TROY N.Y. 70 Rush St., Near Division Ave., Brooklyn, N. ¥. A.M. CALLENDER & CO., 22 Tina Street, N.Y. Ci.; 
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NATIONAL GASa WATER Co., 


218 La Salle Street, Chicago. 
Builder and Operator or Gas Works. 


The Rew Soft Coal Carbureted Water Gas Apparatus. 


TESTED BY THREE YEARS’ PRACTICAL OPERATION, AND FULLY GUARANTEED. 





Plans and Estimates Upon Application. 





IRWIN REW, President and Treasurer. 


E. E. MORRELL, Engineer. 











CONNELLY IRON SPONGE AND GOVERNOR CO, 


(Successors to CONNELIY & CO.) 
MANUFACTURERS OF GAS WORKS SPECIALTIES. 





“TRON SPONGE.” 


substitute for lime. 


Saves money, saves labor, and is the most efficient purifying material ever offered as a 
We guarantee a large saving, both in cost of material and labor. 





AUTOMATIC 
GOVERNOR. 


OVER FOUR HUNDRED NOW IN USE! 
WILL PAY FOR ITSELF WITHIN A YEAR! 


NO WORKS COMPLETE WITHOUT IT! 
ITS SERVICE SECURES PERFECT DISTRIBUTION! 
REDUCES LEAKACE TO MINIMUM, and BENEFITS THE COMPANY and CONSUMER ALIKE! 

IT IS THE ONLY RECOCNIZED AUTOMATIC COVERNOR IN THE WORLD! 





STEAM JET 
EXHAUSTER. 


Designed particularly for small works. Combines Exhaust Tube, Steam Governor, Gas 
Compensator and Bye-Pass Valves in the most compact form possible. 
little space; uses very little steam; saves formation of carbon in retorts; increases yield 
10 to 15 per cent. No works too small to use them profitably. 


Oceupies but 





Prices given on all our specialties, delivered at any point in the United States. Correspondence solicited. 


CONNELLY IRON SPONGE AND GOVERNOR C0., No. 365 Canal St, New York. 








Practical Photometry. 


A GUIDE TO THE STUDY OF THE 
MEASUREMENT OF. LIGHT. 


By William Joseph Dibdin. 
Price, $3.00. 


A, M. CALLENDER & CO., 
32 Pine Street, N. Y. City. 





BOOKS. 


DISTILLATION OF COAL TAR AN 
AMMONIACAL LIQUOR. 
By Gzorez Lunes. Price $12.50. 





TREATISE ON THE COMPARATIVE 
COMMERCIAL VALUES OF GAS 
COALS AND CANNELS. 

By Davm A, Granam. §8vo., Cloth. Price $8. 
Orders for these books may be sent to this office. 


Ae Me CALLENDER & CO.,' 
Pins 82., N.Y. Orrr 





DOUGLAS’ FERRIC OXIDE 


For Gas Purification 


Is a superior natural Hydrated Oxide of Iron. 
Will give a higher purification per bushel than 
any other material. We ship the pure Oxide 
of Iron, coutaining no sawdust, thus effecting 
a saving in freight, leaving the consumer to 
furnish the diluent at a nominal cost. It is now 
used by the largest gas companies in the West. 


Full information, with references to many users, and prices 


delivered in any locality, furnished on application to 


H.W. Douglas (*cSs‘conpsny) Ann Arbor, Mich. 


IRON MASS 


- For Gas Purification. 
Acts immediately, and more efficiently 


than any otner purifying agent 
now in use. 


Greenpoint Chemical Works. 


JOHN SCHRIEVER, Manager. 


| Greenpoint Ave. & Newtown Creek, Brooklyn N.Y 





FParson’s Steam Blower, 


‘OR IMPROVING BAD DRAUGHT IN BOILERS, AND FOR BURNING BREEZI 


0 
FOR UTILIZIN 


PARSON'S 


R OTHER WASTE MAT 


TAR. BURNER. 


OOAL TAR AS FUEL. 


PARSON’S AIR JET TUBE CLEANER. 


FOR CLEANING 


BOLLER TUBES. 


These devices are all first-class. They will be sent to anv responsible party for trial. No saie 
unless satisfactory. Manufactured by the WATERTOWN STEAM BLO-7ER COMPANY 


H. E. PARSON, Supt., 67 Bremen Street, Brooklyn, N. Y. 
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usomos PERKINS & CO,, sum 


228 and 229 Produce Exchange, New York City. 


TIDEWATER SALES AGENTS FOR THE FOLLOWING: 


Ocean Mine Youghiogheny Gas Coal, 
Clinch Valley, ThackersLogan Gas Coals 


Old Kentucky Shale and 0. XK. Boghead. 


. Shipments from New Work, Fhiladelphia, Baltimore and Norfolk. 


BERWIND-WHITE COAL MINING COMPANY'S 




















Qcean Westmoreland Gas Coal. 


Offices: STRIGTLY High Grade. .... 
Carefully prepared. 


For Gas Making or 
Betz Building, Philadelphia. Heavy Steaming. 


FIELD S ANALYSIS 


Eor the Wear 1895. 


An Analysis of the Accounts of the Principal Gas Undertakings in England, Scotland, and Ireland: Being the 
Twenty-séventh Year of Publication. Compiled and Arranged by 


JOHN W. FIELD. Sec. & Gen. Mangr. of The Cas Lt. & Coke Co., London. 
Price, $5. For Sale by 


A.M. CALLENDER & CO., - No. 82 Pine Street, N. Y. City. 


‘Washington Building, New York. 














Goal Tar Genealogical Tree 


MR. T. VINER CLARKE, of London, Eng., having compiled a novel Chart or Map illustrating the various 


CHEMICAL PRODUCTS DERIVED FROM COAL AND COAL TAR, 


In the form of a — cal Tree, including all the products discovered to date (the totak. ‘number amounting to near 700), offers for sale 2 
male eaesnees ef copies in Colors, mounted on Linen, with Rollers. Price, $3.50. Orders may be sent to 


ALE. CALLENDER & CO, - - No. 32 Pine Street, New York. 
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GAS ENRICHERS. 





GAS COALS. GAS COALS. 





The Despard Gas Coal Co., 


MINERS AND SHIPPERS OF 


DESPARD GAS GOAL, 


AND MANUFACTURERS OF 


COrFK§:;, :E:. 


MINES, - 
WHARVES, - 
OFFICE, - 


Clarksburgh, Harrison Co., West Va. 
- Lecust Point, Baltimore, Md. 
44 South Street, Baltimore, Md. 


BANGS & HORTON 
60 Congress St., Boston. 


ROUSSEL & HICKS, AGENTS 
71 Broadway, N. Y. : 








KELLER ADJUSTABLE 
COKE CRUSHER. 


Strong, Simple, Durable. Will 
rush any Size Desired. 


Cc. M. KELLER, 
Sec. & Supt. Gas Lt. & Coke Co , 
Columbus, ind. 
Correspondence So.icited. 


The Gas Engineer’s 
Laboratory Handbook. 


By JOHN HORNBY, F.1.C. Priee, $2.50, 











Ae M. CALLENDER & CO., 32 Pine Sr., N. Y. Crty 


sneer 








GREENOUGH’S 


“DIGEST OF GAS CASES,” 





Frice, 835.00. 


This is a valuable and important work, a copy 
of which should be in the possession of every gar 
company in the country, whether large or small. 
As a book of réference it will be found invaluable. 
It is the only work of the kind which has ever 
been published in this country, and is most com 
plete. Handsomely bound. Orders may be sent i 


Ae Me CALLENDER & CO.. 32 Pine St., N.¥ 












—— THE — 


PENN GAS COAL CO. 


OFFER THEIR 


Coal, Carefully Screened =< Prepared for Gas Purposes, 





‘Their property is located in the Youghiogheny Coal Basin, near Irwin and Penn Stations on 
the Pennsylvania Railroad, and on the Youghiogheny River. 
Principal Office: 

Room 720, Reading Terminal Building, Phila., Pa. 
Points of Shipment: 


Pennsylvania Railroad Piers; Greenwich Wharves, Delaware 
River: Pier No 1 (Lower Side), South Amboy, N. J. 








EpmunpD H. McCuLLouaga, Prest. Cuas. F, GODSHALL, Treas. H, C. ADAMS, Sec, 


THE WESTMORELAND COAL CO. 


Chartered 1854. 


Mines situated on the Pennsylvania and the Baltimore 
and Ohio Railroads, in Westmoreland County, Pa. 





YPoiInTs OF SHIPMENT: 


PHILADELPHIA, BALTIMORE, SOUTH AMBOY, N. J.. 
WATKINS (SENECA LAKE), N. Y. 





Since the commencement of operations by this Company its well-known 
Coal has been largely used by the Gas Companies of New England and the 
Middle States, and its character is established as having no superior in gas- 
giving qualities, and in freedom from sulphur and other impurities. 


Principal Office, 224 South 3d St., Phila., Pa. 


THE SUN OIL CO., 


Crude Oil, Gas Naphtha, 
Refined Petroleum, Gas Oil. 








Toledo, O., and Pittshbnuren, Pa 








Standard Oil Company, 


GAS NAPTHA DEPARTMENT. 


GAS NAPTHA. 





f 





Correspondence Solicited. 


GAS OIL. 


26 Broadway, New York Citv, 
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RETORTS AND FIRE BRICK. 


RETORTS AND FIRE BRICK. 





RETORTS AND FIRE BRICK, 





Established 1868. Incorporated 1890. 
Cuas. E. Gree@ory, ag PP dN V.-Prest. & Treas. 


J.H. Gautier &Co. 


Greene & Essex Streets, 
Jersey City, N. J. 


=a —_— 
MANUFACTURERS OF 


CLAY GAS RETORTS, FIRE CLAY TILES, 
FIRE BRICK and FIRE CLAY SPECIALTIES. 


2=eoa___ 


Cround Fire Clay, Fire Sand and Cround 
Fire Brick in Barrels and Bulk. 


26a 

















SOLE MANUFACTURERS OF THE 


FLEMMING GENERATOR GAS FURNACE 
Brooklyn Fire Brick Works, 


CLAY RETORTS, FIRE BRICK, 
Gas House and other Tile. 
Office, 88 Van Dyke St., 








Brooklyn, N. Y. 


Established 1854. Incorporated 1869. 


LACLEDE 
Fire Brick Manufg. Co., 


CAS RETORTS 
FIRE BRICK 


oe on = 

RETORT SETTINCS 

Water Gas Cupola Linings, Fire Clay, Etc. 
Exclusive Agents for 


The Mitchell Half-Depth Regenerativa Furnace. 


This is the original coal-consuming Furnace for Retort 
Benches. Burns either Coal or Coke, Full and Half- -Depth 
Regenerative Furnaces for Benches of 6's, 7's, 8's or 9's 
erected complete. 


Proprietors of the Coze System of Inclined Retorts. 


ogee Pine St., St. Louis, Mo. 


ESTABLISHED IN L845. 


B. KREISCHER & SONS, 


Office, 119 E. 23d St., New York. 


Gas Retorts, 


TILES, FIRE BRICK. 


Manufacturers of $ 


AND EVERYTHING IN THE FIRE CLAY LINE. 





Adam Weber, 


Proprietor, 


-|Manhattan Fire Brick and Enameled 


Clay Retort Works. 
Works, Weber, N. J. 


Office, 633 East 15th St., New York. 


Modern Recuperative 
Furnaces 
And Standard Fire Brick and Gas Retorts, 














CUES. 


VE ALEER 


FIRE Brick 
AND 


Cray RETORTS# 



















Works, 
LOCKPORT STATION, PA. 


— ESTABLISHED 1864.— 


JAMES GARDNER, JR., 


Hamilton Buildinz, Fifth Avenue, 
PITTSBURGH, PA, P.0. Box 373. 


BSuccessor to WiIitrIAM GARDNER w@ Son 


Fire Glay Goods for Gas Works. 


SOLE REPRESENTATIVE OF THE McILHENNY RECENERATIVE BENCHES FOR THE U. 8. 











HENRY MAURER & SON)! 
(ESTABLISHED 1856.) 
EXCELSIOR FIRE BRICK & CLAY 
RETORT WORKS 
WORKS, Perth Amboy, N. J. 

OFFICE, 418 to 422 East 23d St., N. Y 
Clay Gas Ketorts, 
BENCH SETTINGS, 
Fire Brick, Tiles, Ftc. 
GEROULD’S IMPROVED RET ORT CEMENT. 
and p Ae omer in i” ae oa 


In Casks, 100 i ones at "5 cents per pound. 
In Kegs, 100 to 200 ae + 
In Kegs less than 100 “* pag 8 = 


C.L. GHROULD & CO., 
N. 3d & Prospect Avs., Mt. Vernon, N.Y. 





Western Agent, H. T. GERZOULD, Centralia, Ils. 





Parker-Russell 


Mining and Mfg. Co., 


CITY OFFICE, 
417 Pine Street, St. Louis, Mo. 


PROPRIETORS OF THE 


DAKHILL GAS RETORT & FIRE BRICK W'KS 


Our immense establishment is now employed almost en- 
tirely in the manufacture of 





Materials for Gas Companies 


We have etudied and perfected three important points, 
Our retorts are made to stand changes of temperature, 
the strongest heats of the furnace, and the abrasion of 
feeding and emptying. We construct 


Half and Full Depth Benches of Our Own Design, 
Containing 6,8 or 9 Retorts. 


We have Greatly Improved our Recuperators. Coal or 
Coke can be used as Fuel in Furnaces. 





Treo. J. Surrn, Prest. J. A. Taywor, Sec'y 
A. Lams.a, Vice-Prest. and Supt. 


BALTIMORE 


RETORT & FIRE BRICK CO. 


MANUFACTORY AT 


LOCUST POINT BALTIMORE MD. 


Clay Retorts, Blocks & Tiles 


FIRE BRICK, FIRE CLAY, 
AND FIRE CEMENT. 


Red and Buff Ornamental Tiles and Chim. 
mey Tops. Baker Oven Tiles 13x 13x23 
and 10x 10x2 


WALDO BROS., 102 MILE ST., BOSTON, MASS. 
Sole Agents for New England States. 











PRACTICAL PHOTOMETRY. 


A Guide to the Study of the Measurement of Light. 
By WILLIAM JOSEPH DIBDIN. 


With Numerous I]lustrations: 





Price, $3.00, 





A. M. CALLENDER & CO 32 Pine Street, N. Y. City 
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wm. W. GOODWIN, Prest. O. N. CULDLIN, V.-Prest. & Treas. H. B. COODWIN, Sec. ERNEST F. LLOYD, Asst. Sec 


THE AMERIGAN GAS ENGINE GO., 


MANUFACTURERS OF 


The Double-Acting Gas Engine, 


Under the Patents of Griffin, and Diek, Kerr & Co., of London and Kilmarnock. 


KR 


Single Cylinder. 


{mpulse Every Revolu- 
tion. 


(Two Strokes.) 
15 to 500 Horse Power 


For General Work and 
Isolated Electric Plants. 





Tandem 
Cylinder. 
Impulse 
Every 

Stroke 

100 to 1,000 
Horse Power. 


For Central 
Stations and 
all work 
requiring 
extreme 
steadiness. 


sae SSN = ———— 


ESSENTIAL PRINCIPLE.—An impulse at each end of piston; using half force to each impulse; doubling 
the steadiness ; reducing the wear on moving parts, and weight for given power. CONSTRUCTION.—The piston 
rod works through stuffing box in front end of cy’inder, and connecting rod is carried in a cross-head working in a 
slide in frame, as in ordinary steam engine practice. All valves are of the poppet type, operated by cams on a single 
cam-shaft, giving positive movement to every working part. Tube or electric ignition. RESULT.—An engine of 
extreme simplicity and steadiness of action, the even wear on the cylinder and all working parts assuring increased 
economy, long life, and minimum cost in repairs. RECORD.—Successful and constant use in Great Britain for 


the past eight years. Address WW, GOODWIN, President, 532 Bourse Building, Philadelphia Pa. or 
THE WESTERN GAS CONSTRUCTION CO. Bldrs. £4Gen. Agts. Fort Wavne Ina. 
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DAVIS & FARNUM MFG. CO. 


WALTHAM, MASS. 
Principal Office & Works, Waltham, Mass. © Boston Ofice, R'm 18, Vulcan Bldg., 8 Oliver st, 


Single, Double and Triple-Lift Gasholders of any Capacity. Tubular, 
Pipe and Sinuous Friction Condensers of all Sizes. : 
4 Steel Tanks for Gasholders, Iron Roof Frames and Floors 
Purifying Boxes, Center Seal or Valve Connections, ’ 
Bench Work, Reversible Lime Trays. 
Self-Sealing and Pressed Steel Mouthpiece Lids. 


Coke Borrows, Coal Wagons, and all Apparatus Requisite for a Com- 
plete Gas Works. 


Also, Gas and Water Pipe, Flanged Pipe, Sugar House Work, and 
Special Castings of all Descriptions. 


ENGINEERING COMPANY, 


INCORPORATED, 


Conestoga Building, PITTSBURGH, PA. 


F, L. SLOCUM, Prest. 


Gas Works Machinery of all kinds, SAM'L WOODS, Trew. 


ATENTEE AND OWNER 


PITTSBURGH WASHER-SCRUBBER, 


SOLE AGENT FOR ; - \) 
FELDMANN AMMONIA MACHINE, \ a 
For producing Sulphate, Aqua, Chloride a. | I Hels . J 
‘ . | | y 



































and Concentrated Liquors. ~ 
The Erection of Bi-Product Coke Ovens 
a Specialty. 


Faux System of Recuperative Benches, @\ 


2 


mB Hs 
! i ! 
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AMMONIA MACHINE, NEW SYSTEM HYDRAULIC MAIN. SCRUBBER. 


Kerr Murray Manufacturing Compan, 


Steel Gasholder Tanks, 


Sinace, Dovse AND TRIPLE-LIFT C£ASHOLDERS, 
fo HORIZONTAL AND VERTICAL STORAGE OIL TANKS sam, 


Iron Work for Goal Gas Benches, Self-Sealing Mouthpieces, Exhausters, Condensers, Scrubbers, Purifiers, 
Wooden Trays, Floor Carriages, Center Seal and Valve System Connections, Gast and 
Wrought Iron Fittings, and Connections 3 to 36 Inches Diameter. 


VALVES, Double Gate, Hub Flange, Outside Screw ana Quick Opening, 3 to 36 In. Diam. 


COAL AND COKE WAGONS, RETORT HOUSE TOOLS, STREET MAIN SPECIALS AND DRIPS. 


Address, 


KERR MURRAY MANUFACTURING CO. 


E*ort Wavne, Indiana. 
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BARTLETT, HAYWARD & CO. 


BAIL. TIMORE, MD. 






































Triple, Double & Single-Lift PURIFIERS. 
GASHOLDERS. 

= CONDENSERS. 
[ron Holder Tanks. | 

~~ Scrubbers, 











ROOF FRAMES. 








Bench Castings. 











Girders. 
OIL STORAGE TANKS 














BHEAMS Boilers. 














Three Four-Lift Gasholders, each of 4,289,500. Cubic Feet Capacity, Erected in Chicago. 


The Wilkinson Water Gas Process. 


THIRTY-CANDLE, NON-CONDENSABLE, FIXED GAS. THE MOST SUCCESSFUL GAS PROCESS IN OPERATION. 





MILL’S REVERSIBLE LIME TRAYS. 
Gas Works Designed and Constructed. 








W. H. PEARSON, J. T. WESTCOTT, L. L. MERRIFIELD, 
President. Gen’! Mang’r & Treas. Chief Engineer. 


The Economical Gas Apparatus Construction Co., Ld. | 


269 Front Street, East, - - Toronto, Canada. 





ENGINEERS AND BUILDERS 


OF THE 


Improved Lowe Water Gas Apparatus 


Designed to give the Greatest Efficiency when using any kind of Oil, 
Anthracite Coal, Gas House or Oven Coke. 


New Gas Works Built, Present Gas Plants, either Coal or Water, Remodeled 











r 
Catalogues, Plane and EHetimates Furn ehed upon Application. LOW! WATER GAS APPARATUS. MERRIFIELD-WESTCOTT-PEARSON SETTING 
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mimeo ze RD. WOOD & CO. “Shum. 


Rt nem 400 Chestnut Street, PHILADELPHIA, PA. 


CAST IRON PIPE| Gas HOLDERS 


Single, Double and Tripie Lifts, with or without Wrought Iron or Steel Tanks 








THE M ITCHELL ‘SCRU BBER | PEASE’S PATENT WIRE ROPE GUIDING FOR GAS HOLDERS 
(PATENTED) , CUTLER’S 


PATENT FREEZINC PREVENTER 
PURIFIERS, CONDENSERS, SCRUBBERS. IF SREREING PREVI 


THE HOPPER AUTOMATIC GAS GOVERNOR. THE TAYLOR RE\ Se VING BOTTOM GAS PRODUCER, 
BENCH WORK. PLATE GIRDERS. 4} weavy LOAM CASTINGS, DUNHAM SPECIALS, HYRAULIC WORR 
IRON FLOORS AND ROOFS. c LAMP POSTS, VALVES, ETC. 


ISBELL-PORTER CoO., 


ENCINEERS AND CONTRACTORS FOR THE 


Construction and Extension of Gas Works. 
FOUNDERS AND MACHINISTS. 


MANUFACTURERS OF 


All Ironwork and Maehinery Required in a Gas Plant. 


Estimates, Drawings and Specifications furnished for the Alteration, Improvement, 
or Extension of Existing Works or the Construction of New Works. 











245 Broadway, New York Gity. —0ficts- Bridge & Ogden Sts., Newark, N. J. 








pe  — ‘le Continental Iron Works, 


THOMAS F. ROWLAND, President, 
WARREN E. HILL and CHAS. H. CORBETT, Vice-Presidents. 
THOMAS F. ROWLAND, Jr., Secretary & Treasurer. 


BROOKLYN, N. Y. 


TAKE EAST TENTH OR TWENTY-THIRD STREET FERRIES FROM N. Y. TO GREENPOINT. 





BUILDERS OF 


Gas HEtoiders. 
Single and Multiple Section Gas Holders a Specialty. 
Wrought Iron Gas Holder Tanks. 
BENCH CASTINCS, RETORT LIDS. 


Hydraulic Mains, Condensers, Scrubbers 
_ Purifiers, Valves, Etc. 


Self-Sealing Retort Mouthpieces & Lids 


For Round, Oval. or “D” Retorts. 


ILLUMINATING GAS! FUEL GAS! To Gas Companies 


TEE LOOMIS PROCESS. | 2 companies 


Now in successful operation at Works of John Russell Cutlery Co., Turner’s Falls, Mass., and under @ stated pressure. Send for samples. 
Henry Disston’s Son’s Saw Works, Tacony, Pa. Also, SERVICE CLEANERS, DRIP PUMPS, and STBEZT 


| The Cheapest Gas Generating System in the World. MAIN PROVING APPARATUS. 
Ptans and Estimates Furnished. Oo. A. GEFRORER,. 


BURDETT LOOMIS, -.- Hartford. Conn. ~~ “248 N. Sth 84, Phila, Pe. 
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GAS WORKS APPAKATUS AND CONSTRUCTION. GAS WORKS APPARATUS AND CONSTRUCTION. 











H. RANSHAW, Prest. & Mangr. T. H. Brrcn, Asst. Mangr 
WILLIAM STACEY, Vice-Prest. R. J. TARVin, Sec. & Treas. 


® THE STACEY MANUFACTURING CO 






Established 1851. 
Single, Double and Triple-Lift 


GASHOLDERS, 


Of any Gapacity, with or without Wrought Iron or Steel 
Tanks. 


“= 


Hydraulic Mains, Condensers, Scrubbers, 
Purifiers, Valves, etc. 


Coal Gas Benches, Roof Frames, 
OIL STORACE TANKS. 


Pressed Steel Mouthpiece Lids, Self- 
Sealing Mouthpiece Lids. 


Cincinnati, Ohio. 





wars —A 


George Shepard Page’s Sons, 


The ‘Standard’ Washer-Serubber, 


The Walker Tar and Carbonic Acid Extractor, The Walker Sulphé ‘e and Ammonia Still 
The Walker Self-Sealing Pressed Steel Mouthpiece Lids. 


The Berlin Center Valve. And Contractors for Ammoniacal Liquor. 
No. GO Wall Street, New York City. 














Practical Hints GEORGE R. ROWLAND. T. G. LANSDEN, 


ON THE CONSTRUCTION AND WORKING OF Formerly with the Continental iron Works. 


Regenerator Furnaces, _Draughtsman and Constructing Engineer. Consulting and Contracting Gas Engineer 


By Mavrice GraunaM; C.E. | Drawings, Specifications and Estimates furnished for the con | Estimates, Plans and Specifications for New Works (Coa 
“i | scruction of new, works or alteration of old works. Special or Water Gas), and for Extensions or Alterations. 
Price, $1.25. sd attention given to Pateat Office drawings. 


A. M. CALLENDER & CO., 32 Pine Street, N. Y. 2 | Utfice, No. 245 Broadway, N. Y. City. | Room H, 108 N. 4th St., St. Louis, Mo. 











WM. HENRY WHITE, 


No. 32 Pine Street, - - - New Yor E City. 


ENGINEER AND CONTRACTOR FOR THE 


ERECTION AND EXTENSION OF 


GAS, WATER, AND ELECTRIC LIGHT WORKS. 


Correspondence with Gas Companies contemplating extending or improviig their Plants respectfully invited 
Plans and. Estimates. Furnished. 
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1842 = feily & Fowler, = 1897 
LAUREL IRON WORKS. 
Office, No. 39 Laurel Street, Philadelphia, Pa. 


BUILDERS OF 














: Single or Telescopic. With or Without Iron or Steel Tanks. 
OIL TANKS, WATER TANKS, AND GENERAL WROUGHT IRON WORK. 


J A MES 7 FLOYD & SON S Successors to HERRING & FLOYD, 
‘ , Oregon Iron Works, 
West 20th and 2ist Streets, Between 10th & 11th Avenues, New York City. 


Engineers and Contractors for the Construction of Gas Works. 


MANUFACTURERS OF ALL KINDS OF CASTINGS AND GENERAL IRONWORK FOR GAS APPARATUS. 


Bench Castings, Regenerative and Half Regenerative Furnace C: , Condensers, Tower Scrubbers, Mechanical Scrubbers, Purifiers, Malleable Iron Retort Lids, Self-Sealing 
Retort Lids, Hydraulic Hoist Purifier Carriage, Crosses, Tees, Bends, Angles, Reducers, S-Bends, Sectional Sleeves, Plugs, Caps, Street Drips, etc., always on hand, - 


WOOD’S GAS SCRUBBING AND ENRICHING APPARATUS. 


Tn useat Syracuse, Auburn, Watertown, Cortland and Geneva, N.Y.; Elizabeth, N. J.; Boston, Mass.; Jamaica Plain, Mass.; Providence, R.1I.; Northern Liberties Gas Co., Phila. 


Sole Manufacturers of the OGDEN QUICK-MOVING VALVE. 
HEARNE CENTER SEAL, Operating One, Two, Three or Four Boxes. 














Stroh & Osius Concentrator for Ammoniacal hiquor, used by 50 Gas Gompanies and Cokeries during the past 4 year's. 


LOGAN IRON WORKS, 


Brooklyn, N. Y. 


MANUFACTURERS OF 


Singie or Multiple-Lift 


GASHOLDERS, 


Complete with Steel Tanks. 





BENCHES, SCRUBBERS, 
CONDENSERS, 
PURIFIERS, IRON ROOFS, 
Self-Sealing Retort Lids, 


AND ALL PARTS OF 


GAS WORKS APPARATUS 





Contractors for 
Complete Works. 





ALSO, SOLE MANUFACTURERS OF 


Cc. W. BLODGET’S 
HOT: GAS SCRUBBER. 


from the Union Gas Light Company, of East New York. The contract was completed and the 
Holder was in actual use in 90 days from receipt of order. Capacity of Holder, 500,000 Cu.Ft. 


The order for this Triple-Lift Holder and Steel Tank was received by the Logan Iron Works 
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GAS AND WATER PIPES. 





GAS METERS. 





THE OHIO PIPE COMPANY, 


MANUFACTURERS OF 


Cast Iron Gas & Water Pipe, 


BRANCH AND SPECIAL CASTINGS. 


gas-Honse Bench Castings, Hydraulics, Lamp Posts, Flange Pir 
and Specials, Architectural Castings, Builaing Cvlumns, 
Joists, Cellar Grates, Sash Weights, etc. 


GENERAL FOUNDERS AND MACHINISTS 
Columbus, Ohio. 




















Davio Leavitt HouGu, 
26 CORTLANDT ST., N.Y. CITY. 


Coaseysing Engineer. 


tions and Appraisals, 
and Estimates. 


Chewres eeesen evi’. 


Machinery and Structures. 
Gas and Water Pipe. 





Special Agent for Selling & Purchasing. 


WARREN FOUNDRY AND MACHINE CO., 


Established 1856. Works at Phillipsburgh, N. J. 


New York Office, 160 Broadway. 


CAST IRON WATER AND GAS PIPE, 


FRoM THREE TO FORTY-EIGHT INCHES DIAMETER. ALSO, ALL SIZES OF 


Flange Pipe for Sugar House and Mine Work. Branches. Bends, Retorts, etc., eto 














GEORGE ORMROD, Maner. & Treas., Emaus, 
JOHN HN DONALDSON, Prest . Bo Betz 7 Bildg., Phila., Pa 


EMAUS PIPE FOUNDRY. 


DONALDSON IRON COMPANY. EMAUS, PA 


WESTERW Of rus 


pa 


OND 


‘Gan. ah — 
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40 GENERAL FOUNDRY WORE, 


MANUFACTURERS OF 


CAST IRON PIPE AND SPECIAL CASTINGS 


FOR WATER AND GAS, 
Also, FLANGE PIPE, LAMP POSTS, Etc. 











1894 DIRECTORY 1894 


OF" AMERICAN GAS COMPANIES 


rice, 


A. M. CALLENDER 


& CO., 


$5.00. 


No. 32 Pine Street, New Yor. 








SCLEN 


TiEIC BoOooE Ss. 





GAS MANUFACTURE, by William Richards. 4to., with 
numerous Engravings and Plates, in Cloth binding. $12. 

TECHNICAL GAS ANALYSIS. $3. 

GAS CONSUMER'S HANDYBOOK, by Wm. Richards, C.E. 
20 cents. 


PRACTICAL TREATISE ON HEAT AND VENTILATION, 
with Special Relation to luminating, Heating and Cook- 
ing y Gas. By E. E. Perkins. $1. 
aay anew OF aA UMINATING GAS. By Norton H. 
umphrys. $2.40 


PRAGHICAL FREATISE ON HEAT | By Thomas Box. . 2d 


RACTICAL PHOTOMETRY : A Guide to 2 eg of the - 


Measurement of Light. By W. J. Dibdi 


HEMICAL TECHNOLOGY: Vol. I 
cations, 


, Fuel and Its Appli- 
$5. Vol. II., Lighting, $4. 


me: Practical Designing of Structural Ironwork. 
By H 


Adams. $3.50. 
GAS WORKS: : Their Arrangement, Construction, Plant and 
Machinery. $5. 


VRAOTICAT HANDBOOK ON GAS ENGINES, by G. Lieck- 
field. $1. 


D FUEL FOR MECHANICAL AND mY sec 
eh) RPOSES. By E. A. Brayley Hodgetts, $2.50 


oak SPONTANEOUS COMBUSTION OF. By inline 
wan, C.E. $2. 


COAL: Its History and Use. By Prof.Thorpe. $3.50. 
THE GAS WORKS OF LUNDON. By Colburn. 60 cents. 


HEAT A MODE OF MOTION. By John Tyndall. $2.50. 

THE MANAGEMENT OF SMALL GAS WORKS. By 
CU. J. R. Humphreys. $1. 

MANUAL FOR GAS ENGINEERING STUDENTS. By D. 
Lee. 40 cents. 

THEORY OF HEAT. By J. Clerk-Maxwell. $1.50. 

GASFITTER’S GUIDE, by John Eldridge 40 cents. 


AMMONIA AND AMMONIUM COMPOUNDS. By Dr. 
Arnold, $2 


AMERICAN PLUMBING. By Alfred Revill. $2. 


CEMENT; A Manual of Lime and Cement, their eae 
and Use in Construction. By A. H. Heath. $2.50 


ELECTRICITY. 
INDUSTRIAL PHOTOMETRY, with Special Application tc 
Electric Lighting. By A. Palaz, Se.D. $4. 


R. ELEMENTS OF ELECTRIC LIGHTING, Including Electric 
Generation, ae, Storage and Distribution. By 
} Philip Atkinson. $1.50. 


DIGEST OF GAS CASER.. | ELECTRIC TRANSMISSION OF ENERGY. By G. Knapp. 


“eLe HINTS = REGENERATOR FURNACES | 
Graham. $1.25 


peaiaieaiiial OF COAL TAR AND SEESAOAL, | 
LIQUOR. By Geo. Lunge. New edition. $12 


A TREATISE ON THE COMPARATIVE Be EE 
| VALUES OF GAS COALS AND CANNELS. By D. A. 
Graham. $3. 


—s POCKETBOOK. By Monroe and Jamie 


MAGNETISM AND ELECTRICITY. By J.Overend. 40c 
DYNAMO BUILDING. By F. W. Walker. 50 cents. 
| DOMESTIC ELECTRICITY FOR AMATEURS. By E. 
A TEXT BOOK OF INORGANIC CHEMISTRY. By Prof,| _Hspitalier. $2.50 

Victor Von Richter. $2. | PRACTICAL MANAGEMENT OF DYNAMOS AND MO. 
ILLUMINATING AND HEATING GAS. By W.Burns. $1.50, TORS. $1. 


HANDBOOK FOR MECHANICAL ENGINEERS. By HL. PRACTICAL GUIDE TO THE TESTING OF INSULATED 
dams, . 


WIRES AND CABLES. $ 
TREATISE ON MASONRY C ONSTRUCTION. Baker. $5. | ELECTRIC LIGHTING, by Francis B. Crocker, E.M. $3. 
GAS ENGINEER'S LABORATORY HANDBOOK. By Jno, | ELECTRIC LIGHT FITTING. $2. 
Hornby, F.LC. $2.50. PRACTICAL ELECTRICITY. $2.50. 
GAS LIGHTING AND GAS FITTING. By W. P. Gerhard. | ELECTRICITY FOR ENGINEERS. $2.50. 
| cen 


a yy Its Theory, Sources and Applications. B 
John T. Sprague, M.LE.E. $3. Hs . 





PRACTICAL PLUMBING. ‘By P. J. Davies. $3. 


The above will be forwarded upon receipt of price. If sent by mail or express, postage or express charges 


must 3e added to above prices. We take especial pains in securing and forwarding any other Works that may be 
desired, upon receipt of order. 


books sent C.O.D. 


All remittances should be made by check, draft, or post office money order. 


A. M. CALLENDER & CO., 32 Pine Street. New York. 
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NATHANIEL TUFTS METER CO,, 


63 Beverly Street, Boston, Mass. 


NUFACTURERS 0 


DRY GAS METERS. 
Station Meters of any Capacity. 


3 Test and Experimental Meters, Pressure Registers, Pressure Gauges. 
sears for manufac. METER PROVERS, PHOTOMETERS, STREET LANTERNS, ETC., ETC. 


work and 





answer orders Apparatus for the Chemical Testing of Gas:and Gas Liquor. 








- CHARLES E. D ICKEY. JAMES B. SMALLWOOD. CHARLES H. DICKEY. 


THE MARYLAND METER AND MANUFACTURING CO. 


Established 1866. 


BALTIMORE, North & Saratoga Sts. CHICACO, 107 West Monroe St. 
NEW YORK, 838 Broadway. SAN FRANCISCO, 221 Front St. 
BOSTON, 92 Water Street, Rooms 2! and 22. 


CONSUMERS’ & STATION METERS, PRESSURE GAUGES, Etc., Etc. 
~m—_“‘Poerfect” Gas Stoves —z- 




















METRIC. METAL COMPANY, 
GAS METERS for NATURAL and ARTIFICIAL GAS, 








Special Attention given to Repairing METERS of all Makes. 





FACTORY AT BRIE, PA. 


USE KEYSTONE METERS. 


Royersford, Pa. 
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GAS METERS. GAS METERS. page erences 


THE AMERICAN METER Co. 


Established 1834. Incorporated 1863. 


WET AND DRY GAS METERS. PRESSURE REGISTERS. METER PROVERS. , 
STATION METERS. PRESSURE & VACUUM REGISTERS. PORTABLE TEST METERS. 
EXHAUSTER GOVERNORS. PRESSURE & VACUUM GAUGES. EXPERIMENTAL METERS. 
DRY CENTER VALVES. CRESSON GAS REGULATORS. AMMONIA TEST METERS. 
GOVERNORS FOR GAS WORKS. MARSLAND WATER METERS. BAR & JET PHOTOMETERS. 


Diranufactories: | GSAS STOVES. | Agencies: 





SUG@’S “STANDARD” ARGAND BURNERS, j 17> * 1775+ Clinton Street, Chicage, 
512 West 294 M., B. ¥. SUGG’S ILLUMINATING POWER METER, __| 10 Nor. Second Street, St. Louis, 
Arch & 22d Sts., Phila. 


HELME & McILHENNY, 


Established 184s. 1339 to 1349 Cherry Street, Philadelphla, Pa. 


MANUFACTURERS OF 


Wet and Dry Gas Meters, Station Meters, Provers, Gauges, Ete. 


a —_ METERS REPAIRED__... 


PREPAYMENT GAS METERS. 


Our Own Patents. Strong. Simple. PROMPT ATTENTION. — CORRESPONDENCE SOLICITED, 


D. McDONALD & CO., 


EBstablished 1854. 


5ii West 2ist Street, § 51,53 & 55 Lancaster St., 34 & 36 W. Monroe St., 
NEW YORK CITY. ALBANY, N. Y. ‘CHICACO, ILL. 

































a 











MANUFACTURERS OF 


}Wet and Dry Gas Meters 


STATION METERS, EXPERIMENTAL METERS, METER PROVERS, PRESSURE & VACUUM REGISTERS & PRESSURE GAUGES. 
Meters of all makers Thoroughly Repaired. 











T. D. BUHL, Pres’t. CHAS. H. JACOBS, Vice-Pres’t & Manager. 


BUHL STAMPING CO. 


Detroit, Mich. 
Makers of Gas Meters. 


UR equipment embraces the Latest and 
Most. Improved Machinery. We make 

our own Tin Plate. We claim for ‘*BUHL” 
METERS, Increased Durability, with 
probability of Fewer and Less Expensive 
Repairs, and More Accurate Adjustment. 
Comparisons invited. Meters of other makers 
. promptly repaired.  .Maii orders solicited. 
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The advertisement of 


JOHN J. GRIFFIN & CO., Mirs. of Gas Meters, etc., 


Nos. 1513, 1515, 1517, 1519 & 1521 Raco Street, Philadelphia, 
52 Dey Street, New York, 75 N. Clinton Street, Chicago, 


Occupies thie page every alternate w. ols 



















For smooth and quiet running. 
E U A L For simplicity of construction and grace in desizn, 
For general reliability. 


Ss POORER ORE R OE OREO EE EEE EERE SEE EEE EEO EEREOEEEEEE ESE EEEOEEEEESEEEEteeeEeeneeneeeeseneeeees For close regulation of power. 
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150 MEDALS AND DIPLOMAS. 


Direct Goupled “OTTO” fas Engine and Dynamo. 


DEMONSTRATION 

It is almost a quarter of a century since the “Otto” revolutionized old and bad practices by introducing principles of comb.stion 
“entirely new” in the construction of Gas Motors. 

A quarter of a century of uninterrupted success has demonstrated the correctness of these principles. 

The gas engine history of the past proves that all competitors have recognized this fact by becoming imitators. 

Since its advent the “Otto” engine been illustrating mechanical improvement without alteration, while others have been offer- 
ing alterations as improvements. 

The experience of the past shows that it requires years to determine the real merits of a gas engine, and that nearly all new gas 
engines prove failures. The fittest survive, and the only safe thing to do in selecting a gas engine is to buy what the 
tests of practical use, through a long period of time, have proven to be the best. 


The Practical Tests of a Quarter of a Century have Demonstrated that the “OTTO” Stands To-day Unrivaled 
For simplicity of construction and grace in design; for general reliability and ease of management; for quiet and 
ms _..20th running qualities; for efficiency and low gas consumption; for regularity of 
speed and close regulation of power. 


THE OTTO GAS ENGINE WORKS, Inc., 33d & Walnut Sts., Phila., Pa. 
NEW YORK, 39 Courtland St. BOSTON, 19 Pearl St. CHICAGO, 245 Lake St. 
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